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ABSTRACT
The southern and southeastern Korean Continental Shelf basins and 
the Gippsland Basin in southeastern Australia both contain thick 
Tertiary sedimentary sequences. The Gippsland Basin has more than 3.7 
billion barrels of recoverable oil whereas commercial reservoirs 
remain to be discovered in the Korean basins. The tectonic 
settings, depositional environments, burial and thermal histories 
of both the Korean basins and Gippsland Basin, are in many ways, 
broadly similar. Each area has a non-marine, coal-bearing 
sequence overlain by a thick marine sequence. In both areas the 
best source rocks are associated with the thick non—marine 
sequences.
The source rocks and coals from the Gippsland Basin and the 
Korean basins have many similarities. The organic matter 
occurring in the Upper Tertiary marine sequences of the basins 
studied is commonly derived from algae whereas the fluvio-deltaic 
sequences of the basins contain numerous coal seams and abundant 
dispersed organic matter derived from terrestrial plants. Korean 
Tertiary coals closely resemble coals from the Latrobe Valley and 
offshore Gippsland Basin where the depositional environments 
were dominated by similar types of forest swamps. Petrographic 
and geochemical data show that the sequences studied from Korea 
and Australia are mature to overmature.
High wax contents, high pristane to phytane ratios, n alkane 
distributions and high C29 sterane contents indicate that the 
Gippsland Basin oils were derived from the coal-bearing Latrobe 
Group. Chemical compositions of oils from the two Gippsland 
Basin oilfields studied have similarities to those of extracts 
from their suspected source rocks, and indicate that source rocks 
from a wide range of maturity levels have contributed oil to the 
reservoirs. No significant differences in hydrocarbon extract 
character exist between samples dominated by dispersed organic 
matter and those dominated by coal. The coal—bearing sequences 
mainly contain perhydrous organic matter and therefore vitrinite 
as well as liptinite has generated oil at the levels of 
maturation obtained. Organic matter type however, influences the 
level of maturation at which oil generation occurs. In this 
hydrocarbon generation model resinite, vitrinite and suberinite 
are the major oil contributors at low ranks, and cutinite and 
sporinite are the major contributors at higher ranks.
Given the similarities between the geological settings and the 
petrological and geochemical characteristics of potential source 
rocks, especially the coals, in both the Korean basins and 
Gippsland Basin, some Korean coal-bearing strata warrant 
evaluation as source rocks and a greater emphasis should be 
placed on exploration for stratigraphic traps proximal to 
coal-bearing sequences. It is most likely that oil would be 
generated in the mature parts of the Middle to Early Miocene 
Korean Continental Shelf sequence because some of their onshore 
equivalents have high source potentials. Petrographic data (oil 
cuts, stains and droplets), as well as geochemical data (extract 
yields and maturity parameters), indicate that oil generation has 
already occurred, particularly in the coal—bearing sequences.
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CHAPTER ONE
INTRODUCTION
1.1 AIMS AND SCOPE OF THE STUDY
The Korean Continental shelves and Gyeongsang Basin have been 
considered to be the most hydrocarbon prospective Mesozoic- 
Cenozoic sedimentary basins in Korea because they contain thick 
(7 to 9 km) sedimentary sequences. However drilling in these 
areas since 1964 has shown that no significant hydrocarbons are 
encountered. Furthermore, exploration ventures in the Tertiary 
sequence of the Gyeongsang Basin in the vicinity of Pohong, were 
terminated in 1977 because gas fields were too small to be 
productive. The absence of any significant hydrocarbon discover­
ies is anomalous as commercial hydrocarbons are being produced 
from strata of similar age in China, Japan and Taiwan. This 
absence of hydrocarbons in what would normally be regarded as 
ideal situations indicates the need for: a comprehensive under­
standing of generation (nature of organic material, maturation 
histories and timing in relation to formation of potential 
traps), migration (expulsion mechanism in source rocks and 
reservoir characteristics) and preservation mechanisms (thermal 
regime, water washing, microbial degradation) (see Levorson, 
1954; Hedberg, 1964; Tissot and Welte, 1978; Hunt, 1979; Demaison
?
and Murris (eds.), 1984). Organic petrology and geochemistry 
studies that are directed towards an understanding of these 
factors can potentially reduce the risk in future exploration 
efforts.
It is widely accepted that the hydrocarbon generation potential 
of sedimentary basins is dependent on both the variation in 
organic matter type and thermal evolution of organic matter 
(Tissot and Welte, 1978; Hunt, 1979; Cook, 1982b). Until 
comparatively recently the idea that it is not possible for oils 
to be derived from non-marine source rocks has dominated the 
thinking of petroleum geologists and geochemists. However 
studies of Australian Basins and in particular the Gippsland 
Basin have indicated that hydrocarbons can be derived from land 
plant dominated organic matter and coal seams (Brooks and Smith, 
1969; Cook, 1982; Thomas, 1982; Philp et al., 1983; Burns et al., 
1984; Smith and Cook, 1984; Kantsler et al., 1984; Shanmugam, 
1985; Cook and Struckmeyer, 1986; Kim and Cook, 1986). The 
producing Gippsland Basin is geologically similar to the Korean 
Cenozoic-Mesozoic basins and it is included in the study for 
comparative purposes.
The main objective of this study is to assess the hydrocarbon 
generation potential of the Korean Cenozoic-Mesozoic basins in 
relation t o gippsland Basin and how this has been affected by 
geological factors. The study integrates details of dispersed
3
organic matter and coal, thermal history and possible genetic 
relationships between dispersed organic matter from various 
stratigraphic units and crude oils or natural bitumens. The 
scope of this comparative study is to solve the following 
problems:
1. assess the organic matter type, abundance and levels of 
organic maturity by organic petrological methods within the 
stratigraphic horizons from the three different basins;
2. assess the extractable organic matter of dispersed organic 
matter and coals from the source beds to understand chemical 
constituents of organic matter, degree of transformation of 
organic matter into hydrocarbon, expulsion—migration 
behaviour of hydrocarbons and generative potential of the 
sequences;
3. determine the hydrocarbon distribution of crude oils, 
natural bitumens and coals to evaluate the genetic 
correlation between different hydrocarbon products and 
organic matters;
4. examine the source rock-oil correlation in Gippsland Basin;
5. determine the possible relationships of terrestrial organic 
matter and coal to oil and gas; and
6. evaluate the relative hydrocarbon generation potential 
within the stratigraphic sequences of different geological 
settings and compare the geological factors controlling 
hydrocarbon occurrence.
The data base comprises samples from two hydrocarbon producing
4
fields (four wells), oil exploration wells with oil shows (two 
wells) from Gippsland Basin, oil exploration wells with no 
commercial production (nine wells), new exploration fields (four 
wells), from Korean continental shelves and Gyeongsang Basin.
A suite of seventy samples (cuttings, cores, coals and crude 
oils) from the Tuna and Kingfish oilfields and Latrobe Valley 
coal fields in Gippsland Basin were provided by BHP/ESSO Ltd., 
and the University of Wollongong. Two hundred and seventy 
S am pies fx om P o hang and Haenam sedimentary strata in Gyeongsang Basin 
and Korean continental shelf were provided from the core library 
of Korean Institute of Energy and Resources. Petrographic 
analyses (type and reflectance) were performed on all samples. 
One hundred and twenty six samples were selected- for several 
geochemical analysis techniques (elemental, extraction GC, GC-MS 
and infrared spectroscopy).
l -2 HISTORY OF HYDROCARBON EXPLORATION AND EXPLOITATION 
1*2.1 Gippsland Basin, Australia
The exploration of the Gippsland Basin began in 1924 when Lake 
Bunga-1 water well encountered traces of oil at a depth of 
321 m. The well was drilled through Tertiary glauconitic 
sandstone in the onshore part of the basin. Many bores have 
penetrated Tertiary sediments in the central and eastern parts of
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the Basin since then. Oil was subsequently discovered in the 
small Lakes Entrance field which produced about 8000 barrels of 
15.7° API gravity oil from 1924 and 1956 (Boutakoff, 1951, 
1964). These hydrocarbons proved to be biodegraded, heavy oils 
(Philp et al., 1982; Alexander et al-., 1983). Several oil and 
gas shows were recorded from the Latrobe and Strzelecki Groups 
intersected by Woodside-1 and 2 wells, but the results of 
subsequent testing downgraded the commercial potential of these 
shows (Colman, 1976). Pelican Point—1 had numerous oil and gas 
shows from the Gippsland Limestone Formation in 1939, but 
significant oil deposits have not been recovered from the onshore 
basin. The onshore oil-bearing sedimentary strata dip seaward 
and lie above the oil and gas-bearirg Latrobe Group of the 
offshore basin. Boutakoff (1954, 1964) suggested a possible 
existence of oil in the offshore part of the basin, but this did 
not incite any action because of the lack of appropriate 
technology for exploration and production.
An airborne magnetic survey was conducted by the Bureau of 
Mineral Resources from 1951—56 over limited onshore and offshore 
areas (Quilty, 1965); this was the first phase of exploration in 
the offshore basin. The survey indicated a trough containing 
5000 metres of sediments east of Lake Wellington.
The major offshore oil search in the Gippsland Basin began with a 
regional aeromagnetic survey in 1961-62. This was closely
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followed by a reconnaissance seismic survey, which outlined 
several promising structures (Weeks and Hopkins, 1967) m  
1962-63. In December 1964, the first offshore well was drilled 
from Glomar III. The well was initially named Gippsland Shelf-1, 
but was later renamed Barracouta-Al. Flows of wet gas emanated 
from this well at 300 thousand m3 per day from a depth of about 
1145 m (BMR, 1966). The producing zones were mainly sandstone 
beds of the Eocene Latrobe Formation but included seams of coal 
and carbonaceous shales. This was Australia’s first offshore 
hydrocarbon discovery and the result of a joint venture by ESSO 
Exploration Australia Inc. in equal partnership with Hematite 
Exploration Pty Ltd., a wholly owned subsidiary of Broken Hill 
Proprietary Ltd. Gippsland Shelf 4, renamed the Marlin-1 gas and 
oil well was reported to have intersected oil which flowed at 
rates of up to 1000 barrels a day in February 1966. The oil was 
pooled in Eocene beds at a depth of about 1530 m. This was the 
first oil flow from the offshore Gippsland Basin. Subsequent 
drilling during the following years lead to the discovery of 
several more fields. Kingfish and Halibut are the largest oil 
fields and a number of other fields including Mackerel, Cobia, 
Fortescue and Flounder were discovered. The Dolphin, Tuna and 
Snapper gas and oil fields were discovered in 1968. First 
production of offshore oil was from the Barracouta Field in 
October, 1969. By the middle of 1979 approximately ninety
producing oil wells had been drilled in the offshore area and 
total daily oil production amounted to about 420,000 barrels.
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Table 1 and Figure 1 summarise discoveries of the BHP/ESSO
Gippsland Basin fields in 1983. Eleven proven oil and gas fields 
with recoverable reserves of about 3 billion barrels occur in the 
offshore Gippsland Basin. Most of the oil reservoirs discovered 
are in the Eocene sediments at the top of the Latrobe
sandstones. Some drilling has led to oil and gas shows from the 
basin edges, in marginal fields (Stainforth, 1984). Bream, the 
first of the marginal fields has an estimated 35 million barrels 
of recoverable reserves.
Australia was virtually 100% self-sufficient in crude oil in
early 1986, but this percentage will decline more rapidly than is 
generally realised (Story, 1986). Gippsland Basin production has 
been running consistently around 500,000 barrels per day and it 
comprises about 80% of Australia’s total production. In five 
time this will drop to around 370,000 barrels per day and 
in 1999 production will have fallen by 30%, or by about 45
million barrels per year (Story, 1986). The oil in the top of 
the Latrobe sandstones has been severely depleted (i.e., original 
recoverable resources of 1,833 million barrels were reported in 
the Halibut, Kingfish, Mackerel and Tuna fields whereas about 742 
million barrels remain in 1983) (BHP/ESSO report, Bass Strait, 
1985). In the future, further exploration is required to locate 
oil deposits in the complex intra—Latrobe sandstones occurring 
below the existing oil reservoirs. Tuna—4 has intersected oil at 
a depth of 500-1000 m deeper than occurrences of previously
discovered Tuna oil.
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Table 1 Discovery of hydrocarbons in the BHP/ESSO 
Gippsland Basin Field (from BHP/ESSO, 1983)
Initial
Field
Dale
Dlscovered Plaliorm
Waler
Deplh
Began
Produclion
Recoverable 
Reserves al 30/11/82
Barracoula Feb 1965 
June 1968
1 x 10 wells 4G m March 1969 
Ocl 1969
4 9  000 m3 x 108 gas.
3 100 Megalllres oil
4 400 Megalllres
condensate 
9 600 Megalitres LPG
Marlin Jan 1966 1 x 24 wells 59 m Jan 1970 78 400 m° x 10® gas 
200 Megalitres oil 
15 200 Megalllres 
condensate 
20 800 Megalllres LPG
Klngfish May 1967 1 x 21 wells 
1 x 21 wells
77m 
78 m
A April 1971 
B Nov 1971
179 000 Megalitres oil 
7 500 m3 x 108 gast 
19 000 Megalllres LPG
Halibul July 1967 1 x 24 wells 72 m March 1970 112 000 Megalllres oil 
1 000 m3 x 10® gast 
6 200 Megalllres LPG
Mackerel Aprii 1969 1x18 wells 93 m Dec 1977 62 200 Megalitres oil 
1 000 m3 x 106 gast 
7 400 Megalllres LPG
Tuna June 1968 1x18 wells 59 m May 1979 9 700 Megalitres oil 
9 600 m3 x 10s gas
1 200 Megalitres
condensate
2 300 Megalllres LPG
Snapper June 1968 1 x 27 wells 55 m July 1981 69 000 m3 x 108 gas 
1 500 Megalllres oil 
10 000 Megalitres 
condensate 
14 600 Megalitres LPG
Wesl
Kingllsh
Feb 1968 1 x 27 wells 76 m 17 500 Megalllres oil 
700 m3 x 10s gasf 
1 000 Megalitres LPG
Cobla Aug 1972 1 x 21 wells 70 m June 1979* 27 500 Megalllres oil 
200 m3 x 106 gast 
1 500 Megalitres LPG
Flounder Aug 1968 1 x 27 wells 93 m 10 000 Megalllres oil 
4 200 m3 x 10s gast 
2 400 Megalitres LPG
Fortescue Sepl 1970 1 x 21 wells 69 m 44 500 Megalitres oil 
300 m3 x 10a gast
* Produclion slarled Irom Cobla 2, a sub-sea completion 
t  dissolved gas In crude oil
2 600 Megalitres LPG
M
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Figure 1 Estimated recoverable reserves and cumulative 
production from the major oil/gas fields in 
the Gippsland Basin.
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1.2.2 Korean Continental Shelf
The Korean Continental shelf (about 350 thousand km^ in area) ha 
been neglected with regard to exploration of hydrocarbon 
resources before geophysical surveys proved a great thickness of 
prospective sedimentary strata from the middle of 1960. Early 
studies on the sediments below shallow portions of the Korean 
Strait and South Sea (East China Sea) were made by Niino (1934), 
Hess (1948), Polski (1959) and Niino and Emery (1961). They 
suggested that the continental shelf is floored mainly by 
Tertiary sedimentary rocks. The appraisal of submarine mineral 
resources was retarded by a dispute about continental shelf 
sovereignty among the bordering nations.
After establishment of the Committee for coordination of joint 
prospecting for Mineral resources in Asian offshore areas (CCOP) 
in 1966, offshore prospecting of the continental shelves of seas 
bordering eastern, southern and western Korea started under the 
sponsorship of the United National Economic Commission for Asia 
and Far East (ECAFE). An initial geophysical survey was carried 
out in 1966 along the southeast coast of Korea, near the Pohang 
Tertiary strata (Huntec, 1967; Kim et al., 1967). This survey 
showed a maximum thickness of 1 km for the Tertiary sediments in 
the area. Subsequently several geological and geophysical
surveys were conducted in south and west offshore areas adjoining 
the Korean Peninsula (e.g., Emergy and Niino, 1967; Emery et al..
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1968; Emery et al., 1969; Wageman et al., 1970; Bosum et al., 
1971, Koo, 1972). Emery and Niino (1967) reported the presence 
of Neogene strata beneath a blanket of Pleistocene and Recent 
sedimentary rocks between the Korean Strait and Korean 
continental shelf in the South Sea. Their investigations 
suggested that the continental shelf in the Yellow Sea appears to 
have potential as a future oil province. In particular, the most 
favourable potential area for oil and gas fields is a wide belt 
occurring along the outer part of the continental shelf. This 
area is the most prospective because of the probable existence of 
folded zones beneath the sea floor.
Korean government legislation in 1952 proclaimed that the 
continental shelf of Korea belongs to the Republic of Korea and a 
presidential decree in 1970 declared that grants and rights of
exploration and exploitation shall be vested in the
government. The continental shelf was delineated into
blocks each having a lateral extent of 299,744 km2 in 1969# 
Gulf, Shell, Texaco, Japex and Wendell Phillips (presently named 
Korean—American Oil Co. Inc.) were granted rights for petroleum 
exploration in these blocks. Conventional reconnaissance, 
seismic, magnetic and gravity surveys were commenced in 1969.
The first well on the continental shelf was drilled by Shell 
Company in block VI in 1972. This well drilled in the Korean 
Strait (Dolgorae-A) penetrated up to a T.D. of 4265 m and
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produced non-economic quantities of gas (Shell Report, 1975). 
Four additional wells were drilled in blocks II and VI during 
1972-73, but the results of Korea’s early stages of exploratory 
drilling were disappointing. Oil exploration projects have been 
conducted steadily over the past fifteen years and several 
non-commercial gas deposits and oil shows were encountered in the 
Korean concession areas.
The petroleum potential of these sedimentary basins was not fully 
delineated due to the confidentiality requirements of oil 
companies. However some regional reviews on hydrocarbon
potential of Far East Asia including the Korean Continental
shelves have been published (e.g. Adams, 1969; King, 1970;
Mainguy, 1970; Tone, 1975; Meyerhoff, 1976; Li, 1977; Grunau and 
Gruner, 1978). Kim (1976) reviewed petroleum potential of Korean 
offshore and Frazier et al., (1976) reported exploratory well
results from the block II. Korean Institute of Energy and 
Resources (KIER) has conducted a geological survey for the 
continental shelf since 1966 and recently KIER has reviewed
geology of the concession area with the well samples (KIER, 1980, 
1982, 1984, 1985).
1.2.3 Gyeongsang Basin
Some Korean history archivists have mentioned that surface oil 
shows were noted near Pohang, in the south-eastern part of Korea
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between the seventh and fifteenth centuries (Lee, 1979). No 
further sustained shows were noted. Well number 201-A was 
spudded near Pohang in 1964 as a first attempt to explore for oil 
in a Korean Tertiary sedimentary basin. This well was suspended 
au 122 m depth because of technical problems (Lee et al., 1967). 
Six successive wells, sponsored by the Korean Government, were 
drilled in the Pohang Sub-basin between 1965 and 1968. Gas was 
encountered in well number 301 and PY-2 at depths between 400 m 
and 500 m; gas was produced at 11 m3/day from sandstone sequences 
1 4 m  thick. The results of these shallow exploratory wells 
showed that the Tertiary sedimentary beds consist of a shallow 
marine sequence having a maximum depth of 1 km (Lee et al., 
1967). Systematic oil prospecting in the area adjacent to the 
Pohang area began as a national project between 1975 and 1977. 
Small gas discoveries were made in twelve wells occurring within 
the sandstone sequence. An oil show was reported at 1466 m in B 
well but no shows were noted from DS-1 and DS-2 wells which were 
both drilled within 20-50 m of the B well. There has been no
further oil exploration activity carried out in this area to 
date.
A broad geological survey was conducted from 1976-81 in the 
Gyeongsang Basin to enable the assessment of resource potential 
of the Gyeongsang Supergroup. This project revealed that the 
Gyeongsang Supergroup was a poor oil source rock (Urn et al.,
1983). Chang (1978) reported that the oil prospectivity of
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the basin was poor due to the occurrence of anthracite and a lack 
of either reservoir rock or large anticlinal structures. The 
Haenam-Mokpo areas have received attention because they contain 
some natural bitumen in Cretaceous calcareous shales (Lee, 1964; 
Son et al., 1980). Two shallow wells were drilled in the area 
between 1964 and 1979, but no economically significant hydro­
carbons were encountered. Many reports on various aspects of the 
geology of the Gyeongsang Basin including Pohang Tertiary strata 
have been published (e.g., Kim, 1965, 1970, 1979, 1984; Son et 
al., 1967; Yoo, 1969; Chang, 1970, 1975, 1977, 1978; Yang, 1974, 
1976; Yoon, 1975, 1976, 1979, 1984; Fontain, 1978; Choi, 1979, 
1985; Choi et al., 1981; Chun, 1982; Urn et al., 1983; Choi et 
al., 1984; Han et al., 1986).
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CHAPTER TWO
THE ASSESSMENT OF HYDROCARBON GENERATION POTENTIAL
.2.1 INTRODUCTION
Numerous geological factors control the formation of hydrocarbons 
through a series of transformational process of organic matter in 
source rocks. Tissot and Welte (1978) defined hydrocarbon source 
rocks as rocks that are, may become or have been, able to 
generate hydrocarbons. Because these transformational processes 
involve changes in chemical, physico-chemical and optical 
characteristics, several different properties can be used in 
determining the hydrocarbon generation potential of source 
rocks. The hydrocarbon generation potential in a sedimentary 
basin can be characterized in terms of type, abundance and level 
of maturation of organic matter. The present study is divided 
into organic petrological and organic geochemical techniques. 
Early studies (1960s) mostly dealt with determinations of 
phenomena involving hydrocarbon nature and formation. Several 
recently developed techniques however, have proved to be 
considerable predictive tools for hydrocarbon exploration. 
Murris (1984) depicted an example of risk reduction through the 
application of geochemistry in prospect appraisal. He found that 
by using these techniques forecasting efficiencies can be up to 
63 per cent (Figure 2.1).
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Figure 2.1 A risk reduction through the application of 
geochemistry in prospect appraisal 
(from Murris, 1984).
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Efficiencies of conventional methods used for source rock assess­
ment are summarised in Figure 2.2. The degrees of efficiency 
vary from "of limited use" to good. Optical and chemical 
techniques are widely used in the present source rock study and 
are considered as complementary methods. Cook (1982a) critically 
assessed the differences between various techniques and suggested 
that in general, petrography provides "why" and approximately 
"how much", whereas chemical methods indicate "how much" but 
often provide little information on "why". Cook (1982a) 
indicated that chemical and physical methods tend to be specific 
such that they accurately assess a given property, but may 
provide a poor indication of others. It is therefore desirable 
to apply many techniques in the assessment of hydrocarbon source 
rocks (i.e., petrological and geochemical).
Methods used to study the hydrocarbon occurrence and generation 
potential of the Cenozoic-Mesozoic sedimentary basins included 
organic petrographic and organic geochemical analyses. All 
source rock samples (340 samples) were studied using reflected 
and incident fluorescence mode microscopy. A total of 126 
samples were examined using organic geochemical techniques such 
as organic carbon analysis, elemental analysis (part), infrared, 
spectroscopy (bitumen only), solvent extraction chemistry 
(n-alkanes, aromatics), and biomarker analyses. Four oil and six 
bitumen samples were analysed using oil analytical techniques. 
Analytical procedures used for the study are illustrated in 
Figure 2.3.
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ANALYSIS
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Figure 2.2 Conventional methods used for source rock characterization 
and their degree of efficiency, (modified from Tissot and 
Welte, 1978).
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Figure 2.3 Flow chart of source rock and crude oil analyses 
for the study.
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2.2 ORGANIC PETROLOGICAL METHODS
Organic petrography is the petrological study of the organic 
matters in sedimentary rocks. The organic petrological studies 
of the included organic matter used to utilise transmitted light 
microscopy of thin-sections, and reflected white light and 
incident fluorescence microscopy of polished blocks. Numerous 
works (e.g., Stach et al., 1982) have been published by using 
these techniques. Powell et al. (1982) discussed limitations in 
the use of transmitted petrographic methods in the identification 
of oil source rocks. Organic petrography allows the 
determination of the maceral compositions and maturation levels 
for a variety of organic matter. This information leads to 
interpretations of the nature of organic matter, depositional 
history, thermal history and hydrocarbon generation history. 
Organic petrological studies are widely used in the field of 
coal, oil shale and oil science and industry, and have proved to 
be successful. In particular, as this method can equally 
determine the organic matter type and its relative abundance in 
source rocks, this is regarded as the best direct method of 
organic matter because conventional chemical classification of 
organic matter which is termed as Kerogen Type I, II, m  and IV 
(Tissot et al., 1974; Tissot, 1984) is a mixture of different 
types of organic matters, together with much sub-microscopic 
organic matter which is adsorbed or incorporated in mineral 
matrices. Vitrinite reflectance provides the most distinguishing 
method of assessing maturation levels.
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Several valuable works on organic petrography are Handbook of 
Coal Petrology (International Committee for Coal Petrology, 1963, 
1971, 1975), Stach1s Textbook of Coal petrology (Stach et al., 
1975, 1982), Oil Shale Petrology Workshop (Cook and Kantsler, 
1980), Kerogen (Durand, 1980) and Low Rank Oil Shales (Sherwood 
and Cook, 1984). Several workers provided applications of coal 
petrology with an emphasis on fluorescence microscopy to 
hydrocarbon exploration (Alpern et al., 1972; Teichmuller, 1974; 
Teichmuller and Wolf, 1977; van Gijzel, 1978; Robert, 1981; 
Cook, 1982b; Bustin et al., 1983). Some workers by using organic 
petrology discussed oil source potential of various sedimentary 
basins based on the lateral and vertical variation of rank 
dependence of oil generation according to organic matter type 
(Castano, 1974; Hood et al., 1975; Teichmuller and Ottenjann, 
1977; Kantsler et al., 1978; Cook and Kantsler, 1979; Bostick et 
al., 1979; Jones and Edison, 1979; McKirdy and Kantsler, 1980; 
Smith and Cook, 1980; Cook, 1982b; Smyth, 1983; Middleton, 1982; 
Smith and Cook, 1984).
The petrological techniques and sampling procedures for the study 
followed the methodology of International Commission for Coal 
Petrology (1971, 1975), Cook (1982a), and Standards Association 
of Australia publications (AS 2486, 2856).
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2.2a Sample Preparation
Representative portions of the crushed samples (<0.2 mm in size) 
or cutting samples on an "as collected" basis were dried at 60 C 
for one hour. These were mounted in blocks about 2 x 1.5 cm in 
diameter in cold setting polyester resin (Astic), mixed in the 
ratio of 96 parts resin to 4 parts hardener. Most core samples 
were mounted perpendicular to bedding for enabling examination of 
representative portion of the samples. The mounted blocks were 
ground on mechanical laps and polished on carborundum abrasive 
papers in sequences ranging from 400 to 1200 grit. Final 
polishing was done using chromium sesquioxide followed by 
magnesium oxide both in a water slurry on selvyt-type cloths.
2.2b Maceral Analysis
The term maceral was introduced by Stopes (1935) to refer to the 
microscopic constituents of coals (mineral of rocks by analogy). 
Macerals are classified by their morphology and reflectance in 
both dispersed organic matter and coal. The maceral analysis 
methods applied on coal and dispersed organic matter have become 
more important in recent years, because evaluation of oil and gas 
proneness depends not only on the maturity but also on the type 
and abundance of organic matter. Organic petrological methods, 
furthermore, can recognise oil precursors and bitumens in source 
and reservoir rocks (Teichmuller and Wolf, 1977; Robert, 1980;
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Creaney, 1980; Cook and Struckmeyer, 1986). The organic macérais 
fall into three macérai groups, vitrinite, liptinite and 
inertinite. Each of the macérai groups is distinguished by 
origin, chemical composition and optical properties.
Organic macérai terminology used in this study follows that of 
the Standards Association of Australia for macérai analysis 
(1986). The nomenclature is based on the Stopes-Heerlen System 
(International Commission for Coal Petrology, 1963, 1971, 1975). 
This system correlated huminite-vitrinite terms of the 
International Committee for Coal Petrology system between brown 
and bituminous coal. Vitrinite and inertinite groups are divided 
in macérai subgroups. Terminology and optical properties of 
organic matters are given in Table 2.1.
Vitrinite Macérai Group
Vitrinite represents a group of macérais derived from
coalification products of humic substances which formed from cell 
wall and cell fillings of woody tissue of plants under an aerobic 
and unaerobic condition. Most significant coalification 
processes during the peat and brown coal stages are humification 
and gélification. Humification is a process of structural 
decomposition of plant tissue into a humic detritus.
Gélification is a stage of physico-colloidal plastic of the
Table 2.1
Terminology, origin and optical properties of macerals used in this study (After Cook, 1982a; AS 2856)
Maceral Group Maceral Sub-Group Maceral Properties
Vitrinite (Humified tissue, typically derivea from lignin, cellulose and tannins origin)
Telovitrinite
Detrovitrinite 
Gelovitrinite
Textinite
Texto-ulminiteEu-ulminiteTelocolliniteAttriniteDensiniteDesmocolliniteCorpogelinitePorigeliniteEugelinite
Reflectance range small and lying between those of exinite and inertinite. Fluorescence moderate, weak or absent.
Inertinite (Thermally or biochemically 
altered tissues origin)
Teloinertinite
Detro-inertinite
Gelo-inertinite
SclerotiniteSemifusiniteFusiniteMicriniteInertodetriniteMacrinite
Reflectance above that of vitrinite except at extremely high rank. Weak or no fluorescence.
Liptinite 
(Sporopollenin, cutin, suberin, 
resins, waxes, oils, algal and phyto­
plankton origin)
AlginiteSporinite
Cutinite
SuberiniteResinite
FluoriniteExsudatiniteBituminiteLiptodetrinite
Reflectance below that of vitrinite, except at high rank where reflectance becomes equal to or greater than that of vitrinite. Fluorescence distinct to intense.
25
humic detritus. Geochemical gelification is termed 
vitrinization. The precursors of vitrinite in the peat and brown 
coal stages are referred to as huminite maceral group. 
Subdivision of the vitrinite group is based on botanical features 
and the degree of post-depositional alteration. Telovitrinite 
tends to incorporate lipoid materials derived from cell contents, 
secondary cell walls, suberinized cell walls, bacteria and resin 
ducts, cuticles, and spores (Smith and Cook, 1984). 
Detrovitrinite incorporates sub—microscopic or finely comminuted 
algae, resins and the remains of a prolific minute animal and 
microbial life (Gore, 1983). Vitrinites are characterised by a 
medium to high hydrogen (orthohydrous-perhydrous), medium 
density, intermediate reflectance between liptinite and 
inertinite and moderate weak or absent fluorescence. Vitrinite 
corresponds approximately with the evolution paths of Type III 
Kerogen, and is regarded as moderate oil source and good source 
for gas.
Inertinite Maceral Group
Inertinite represents a group of macerals originated from 
precursors of same as those for vitrinite and some liptinite that 
have undergone aerobic or sub-aerobic decomposition during the 
process of oxidation and fusinitization. Fusinitization produces 
substances with carbon-enrichment by processes of aromatization 
and condensation. Teichmuller (1982) described that charring,
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oxidation, mouldering and fungal attack before deposition or on
the peat surface cause fusinitization. Subdivision of the
inertinite group is based on botanical and coalification
features. Semifusinite and fusinite are genetically divided into
primary fusinite, pyrofusinite, degradofusinite and rank fusinite
(Teichmuller, 1982). Semifusinite represents an intermediate
stage between vitrinite and fusinite, and macrinite is
fusinitized amorphous substances. The maceral sclerotinite is
a primary inertinite and micrinite is considered to be formed as
a secondary maceral possibly related to the occurrence of liptinite
fnaceral«£- Inertodetrinite comprises fragments of other inertinitic
macerals below 30 micrometers in size. Inertinites are
distinguished by a high reflectance, high carbon and oxygen
contents, low hydrogen content (subhydrous), high density, weakly
to non-fluorescing and high aromaticity. Inertinite corresponds
with the evolution paths of Type IV kerogen, and is regarded by
most workers as giving little or no oil yield (of. Evans etal.5l9©V 
Ri#by e t a i . , 1986). 5
Liptinite Maceral Group
Liptinite (exinite) represents a group of macerals originated 
from hydrogen-rich plant remains and microbial degradation 
substances of plant and animal components. Liptinite group is 
relatively stable during peatification and coalification.
Teichmuller (1982) described that precursors of liptinite maceral 
group are considered to be altered during the first coalification
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jump of liptinites, and the alteration coincides with petroleum 
formation processes such as decarboxylation and reduction. A 
second coalification jump of liptinites occurs in medium volatile 
bituminous-coal stages which coincides with the destruction of 
petroleum. Liptinites are characterized by a higher aliphatic 
fraction (perhydrous), low density, low reflectance and variably 
fluorescent materials. Alginite corresponds with Type I Kerogen 
and Kerogen Type II represents organic matter which is made up of 
other liptinitic macerals. These are considered to be a good 
source for oil and gas. A summary ofihe origin and petrographic 
features of liptinite macerals is given in Table 2.2.
Microlithotype Terminology
As the macerals of coal are commonly associated with two or three 
other maceral groups (such associations are termed 
microlithotype), the microlithotype terminologywasused for coal 
samples in the study. The term microlithotype was proposed by 
Seyler (1954) to describe typical associations of macerals with a 
minimum band width of 50 microns. The ICCP (International 
Committee for Coal Petrology, 1963) have introduced specific 
limitations: the monomaceral and bimaceral microlithotypes 
contain not more than 5% macerals from maceral groups which are 
not characteristic of them by definition. The trimaceral 
microlithotypes contain more than 5% of all maceral groups. A 
summary of microlithotypes classification is given in Table 2.3.
.28
Table 2.2
Origin and Petrographic features of llptlnlte macerals 
(After Cook, 1982a and Hutton, 1984)
Macerals Origin Petrographic features
A!glnlte freshwater and marine 
algae
algal colonies; rounded, elongated, 
semI-compressed and wel1-preserved In 
botanical form; weak to strong 
fluorescence; commonly algae related 
to Botryococcus, Gloeocapsomorpha, 
Tasman iTes, a 1 not l age nates, 
acrltarchs, Pedlastrum.
BItumInlte uncertain, possibly 
derived from the 
degradation of algae 
or other llptlnlte, 
animal plankton, 
bacterial lipids
amorphous, variable shape; commonly 
occur In oil shales and brown coals; 
weak to absent fluorescence.
Cutlnlte cuticles, waxy covered 
leaves, needles, stems 
and shoots
elongated, commonly serrated edge, 
cutJcular ledges, well preserved and 
distinct botanical forms
Exsudatlnlte secondary macerals, 
formed from 1IpId
Infilling In veins, cleats, fissures 
or cell lumen; weak to moderate 
f1uorescence
FluorInIte primary and/or second­
ary maceral, probably 
derived from other 
llptlnlte, fats or oils
large Isolated masses; Intense green 
to yellow fluorescence
Llptodetrlnlte fragments of llptlnlte, 
small fragments of 
oils, bacterial remains
small detrltal fragments; various 
f1uorescence
ResinIte resins, waxes, oil, 
fats, leaves, paren­
chyma, cells and resin 
ducts
spheroidal, globular, oval, rod or 
Irregular shaped bodies; Infilling In 
primary cell, fissures, cleats or 
pore spaces; various fluorescent 
Intenslty
SporInIte pollen, spores lense or disc shaped, usually 
compressed, wel1 preserved and 
distinct botanical forms; commonly 
mlospores (<0•1 m) and megaspores 
(0.2 to several mm)
SuberInIte suberln cell walls of 
bark tissue, coal If led 
periderm
commonly associated with vltrlnlte; 
typical net appearance; absent-weak 
green-yellow fluorescence
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Table 2.3 Classification of microlithotypes 
(from ICCP Handbook, 1963 and Stach, 1982)
Mlcrolithotype 
Constituent Macerals
Principal Groups of 
Composition
Maceral Group
Vilrite Vitrinite (V) >95% V Monomaceralic
Llptile Liplinite (L) >95% L Monomaceralic
Inertite Inertinite (1) >95% 1 Monomaceralic
Clarile Vitrinite + Liplinite >95% V + L Bimaceralic
Durile Inertinite + Liplinite >95% 1 + L Bimaceralic
Vitrinertite Vitrinite + Inertinite >95% V + l Bimaceralic
Duroclarite Vitrinite + Liptinite + Inertinite V.L.l each >5%, V l,L Trimaceralic
Vilrinertoliptile Vitrinite + Liptinite + Inertinite V.L.I. each >5%, Li.V Trimaceralic
Clarodurite Vitrinite + Liptinite + Inertinite ■ V.L.I, each >5%, IV,L Trimaceralic
Procedure
Maceral analyses were carried out using both reflected white 
light and fluorescence mode illumination with a Leitz 
Orthoplan-pol microscope. This system is equipped with a TK 400 
dichroic mirror fitted in an Opak vertical illuminator. A 100 
watt quartz iodine lamp was the light source for reflected white 
light and a 100 watt mercury lamp was used for fluorescence mode 
illumination. BG 3 (3 mm) excitation and BG 38 (4 mm) red 
suppression filters and a 490 K barrier filter were used as the 
ultraviolet/violet filter system. Fluorescence mode microscope 
work followed the methodology of Cook (1980). A Swift automatic 
point counter with a mechanical stage was used for point count
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analyses. Traverses for point counts were done employing a grid 
system with 0.5 mm between steps and 0.7 mm between adjacent 
traverses. A 50 x oil immersion objective and 10 x Periplan GF 
oculars were utilized and about 500 points were counted for each 
sample. This method gave approximately 90% coverage of each 
block. For samples having low contents of organic matter (below
10 counts in 500; i.e., below two volume percent), point count 
methods are not reliable and therefore, organic matter contents 
were visually estimated. In these cases about fifty rock 
fragments were examined per block by using several traverses. 
The levels of volumetric abundance reported are: absent, rare 
(0.1%), sparse (0.1-0.5%) and common (0.5-2%).
Photomicrographs were taken on the Orthplan-pol microscope, 
fitted with a Leitz Vario-Orthomat Camera. Kodak Ektachrome 400 
ASA film was used for fluorescence—mode colour photomicrography;
011 immersion and the BG3/TK 400/K 490 filter system were used 
for photomicrography. Photographic plates were printed from 
35 mm transparency photomicrographs. Black and white prints were 
taken on Kodak Pan-x 100ASA film and a green filter was used.
2*2c Vitrinite Reflectance Measurement
The measurement of vitrinite reflectance can be used as a guide 
to the chemical properties of coal components and, in effect, 
acts as a form of microprobe for the extent of the aromaticity of
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organic matter (Smith and Cook, 1980). Molecular structure of 
the vitrinite is one of partially oriented from the polycondensed 
aromatic clusters and it acts as a biaxial, but typically nearly 
uniaxial negative substance (Cook et al., 1972; Stone and Cook, 
1979). Therefore, a maximum reflectance value can be obtained by 
rotating the specimen until the bedding direction is parallel to 
the plane of variation of the incident polarized light (Kantsler, 
1985). Smith and Cook (1980) illustrated that the vitrinite 
underwent changes relatively consistent with organic 
metamorphism, whereas liptinite and inertinite reflectance show 
most rapid reflectance changes at higher and lower maturities 
respectively (Fig. 2.4). This is a major reason why reflectance 
measurements are usually made only on the vitrinite macérais. 
Vitrinite is widespread, is generally easy to identify, and is 
relatively homogeneous in composition (Kantsler, 1985).
The organic maturity concept developed in relation to hydrocarbon 
exploration is essentially similar to that of coal rank (Cook, 
1982a)* Rank in coal petrology is a measure of the position of 
coalification in the peat-anthracitic series. Coalification is 
the response of organic matter to a slow rise in temperature 
acting over long periods of time. The nature of organic matter 
(type) and rank are basically (not totally) orthogonal variables 
(Cook, 1982a). Figure 2.5 illustrates the relationships of 
organic maturation between time, temperature, rank and 
hydrocarbon type.
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Figure 2.4 Coalif ication curves of REmax, Rvmax and *R̂ rnax 
versus rank. R0max refers to the reflectance 
in oil of the liptinite (exinite), vitrinite 
or inertinite macerals in context (from 
Smith and Cook, 1980).
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Figure 2.5 Generalized scheme of organic maturation in the relationship 
between temperature, time, rank and hydrocarbon type 
(from Cook,1982; after G.J.Demaison, pers. Comm., 1980).
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Vitrinite reflectance techniques have the greatest application 
for estimating coal rank and organic maturity. The method 
largely avoids the problem of type variation (elemental analyses 
and rock-eval pyrolysis results are affected by both type and
rank), can be used with a wide range of kinds of sample, needs no 
correction for mineral matter, and is relatively rapid and 
inexpensive (Cook, 1982a). However Kantsler (1985) discussed 
limitations to the use of vitrinite reflectance analyses 
identified by Tissot and Welte (1978), Heroux et al. (1979) and 
Jones and Edison (1979). These are lack of reference to macerals 
other than vitrinite, probable absence of vitrinite in rocks of 
pre-Devonian age, low reliability of the reflectance values less 
than 0.3%, variation of vitrinite type, differentiation of 
vitrinite from other macerals and solid bitumen, influence of 
lithology on reflectance values, absence of vitrinite in
particular lithologies, cavings and intermaceral effects. He
summarized a pragmatic approach to the delineation of a mean 
trend. In some cases absolute values will not always be 
obtained, nor are they always required. Cook and Murchison
(1977) suggested that precision of vitrinite reflectance is 
likely to be of the order of 2% relative, with 95% confidence 
limits, and accuracy, in the green region of the spectrum, of the 
order of + 1% relative.
Vitrinite reflectance measurements were carried out using a Leitz 
MPV-1 microphotometer fitted to an Ortholux microscope. A Knott
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NUP high stability power supply was used in conjunction with this 
system. Output from the photometer was measured with a Kipp and 
Zonen lightspot Galvanometer AL3. Measurements were taken using 
monochromatic light of 546 nm wavelength in oil-immersion (DIN 
58884), having a refractive index of 1.5180 at a temperature of 
23°C +2°C . An illuminated field of 0.03 mm square was used for 
reflectance determination and the back-projected image of the 
measuring stop was typically 0.002 mm square. The mean maximum 
vitrinite reflectances (Rvmax) were calibrated against synthetic 
spinel of 0.413% and garnet standards of 0.917% and 1.726% 
reflectances. A maximum of thirty measurements were made on coal 
grains or on discrete phytoclasts of vitrinite occurring as 
dispersed organic matter (DOM). Readings were made on 
telovitrinite in coals and on the total vitrinite population of 
dispersed organic matter. Each reading consists of two 
measurements with stage rotation of 180° in between maximum and 
second maximum values. Histograms were generally used to check 
for contamination. Calculation of the mean of the maximum 
vitrinite reflectance (Rvmax %) equation follow:
Rvmax = Rstd x Rv
Rstd
where,
Rstd = reflectance of the standard in % R
llv = mean maximum reflectance of the vitrinite for unknown to % 
R
The standard deviation which defines 95% confidence range of the
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individual measurements on a representative sample is calculated 
from the equation:
2S
100 (n-1) *[l(R2i . Xi) - 100
where,
n = number of measurement
Ri = mean maximum reflectance of the half V-steps, in %
Xi = relative frequency of the measured values in the half 
V-steps, in %
R = mean maximum reflectance of measured readings, in %.
2.3 PETROLEUM GEOCHEMICAL METHODS
Petroleum geochemistry is the applied organic chemical study of 
the organic matter and distribution of hydrocarbon compounds in 
sedimentary rocks. Advanced instrumentation for organic
analytical methods has contributed to the understanding of the 
complex mixtures of hydrocarbon compounds present in the source 
and reservoir beds. Geochemical data provide information on 
chemical constituents of organic matter, composition of oil and 
soluble bitumen, oil-source rock correlation, possible transition 
mechanisms of organic matter to hydrocarbon and on the 
generation—expulsion—migration mechanisms and history of
hydrocarbons. The most fundamental geochemical approach for the 
petroleum source rock has been based on the composition of
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extracted soluble organic matter in the sediment. The soluble 
bitumen can be analyzed by various chromatographic methods for 
various classes of geochemical parameters. For example, the 
technique of gas chromatography-mass spectrometry has become 
widely used to allow a systematic determination of biological 
markers in understanding oil-source rock correlation.
Another commonly used physicochemical technique is pyrolysis 
wherein organic matter is subjected to a simulated maturation 
process. The carbon isotope technique is also used for source 
rock study. The application of both organic petrographic and 
petroleum geochemical concepts to basin evaluation have been led 
to inferences on hydrocarbon generation history and geological 
distribution of hydrocarbons, and currently plays an important 
role in petroleum exploration. Several valuable books on organic 
geochemistry include Organic Geochemistry (Eglinton and Murphy, 
1969), Petroleum Formation and Occurrence (Tissot and Welte,
1978), Petroleum Geochemistry and Geology (Hunt, 1979) and 
Petroleum Geochemistry and Basin Evaluation (Demaison and Murris, 
eds., 1984).
2.3a Sample Preparation
Core and coal samples were initially crushed to about 2 mm 
diameter fragments with a hammer. These samples and cuttings 
were washed with distilled water to remove fine contaminants and
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then dried at less than 50°C for 12 hours. After removal of iron 
oxide and metal using a magnet, the dried samples were agitated 
with mixed solvent (chloroform-acetone, 1:1 v/v) ultrasonically 
for three minutes to remove mud oils and other possible 
reservoired oil contamination, and then dried in a fumehood. The 
rock samples were pulverised to a grain size of minus eighty 
microns.
2.3b Elemental Analysis
Determination of total organic carbon content of source rocks was 
carried out using a C.H.N. elemental analytical method. The 
0.5-1 grams of the pulverised sample was digested in 10% HC1 
solution for 24 hours at 60°C, with intermittent stirring. 
Concentrated HC1 (35%) was subsequently added, making the 
solution up to 25% in HC1. Supernatant liquid was decanted using 
a centrifuge, followed by repeated washing with distilled water 
until the solution reached neutral pH. The samples were dried, 
weighed and then crushed in an agate mortar and pestle. 1-3 mg 
of the acid washed (carbonate free) samples were analysed for 
carbon, hydrogen and nitrogen with a Perkin Elmer Model 240B 
Elemental analyser. The percentages of organic carbon content 
were calculated back to the original sample weight by the 
formula:
TOC (%) = Carbon weight (ug) x 100
Original sample weight (ug)
The hydrogen and nitrogen contents of decarbonated rock were
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calculated by a similar formula. TOC content of source rocks 
from the Gippsland Basin was determined using a Leco carbon 
analyser at Esso Laboratory.
The 10-20 grams of solvent extracted samples were digested 
through a series of acid treatment by 6N-HC1 and concentrated HF 
and HC1. Removal of pyrite was carried out with NaBH4» followed 
by addition of 10% HC1. Sulphur content was analysed by 
decomposition after fusion with potassium metal and titration of 
sulphide. Oxygen content was determined by decomposition with 
oxygen conversion to carbon dioxide and gravimetric measurement. 
The elemental contents of natural bitumen were analysed without 
demineralizations by PE 240. Some samples were determined by the 
Australian Mineral Development Laboratories and these results are 
noted in the tables where they appear.
2.3c Extractable Organic Matter Analysis
The soxhlet thimbles and filter discs were cleaned in a soxhlet 
extractor using a chloroform-methanol mixture (85:15, v/v) for 48 
hours. The 30-50 grams of the pulverized samples (2-5 grams for 
coal samples) were extracted in a soxhlet apparatus for 72 
hours. Extracts were evaporated to approximately -1 ml and 
transferred to a clean glass vial with a Pasteur pipette. The 
extracts were dried by a gentle stream of high purity nitrogen 
and then weighed. The extracted organic matter was refluxed in
40
50 ml of redistilled hexane and filtered through a previously 
cleaned filter paper to remove asphaltenes. The asphaltene-free 
filtrate was separated into saturated hydrocarbon, aromatic 
hydrocarbon and polar—containing compounds using elution column 
chromatography. The columns were packed with 20 times the 
extract weight of activated alumina (BDH product, 90 neutral), 80 
times the extract weight of activated silica gel (Merck, 28-200 
mesh) and 10 times the extract weight of florisil (BDH product, 
100-200 mesh). The saturated hydrocarbon fractions were eluted 
with redistilled N-hexane and aromatic fractions were eluted with 
successive mixture of N-hexane-dichloromethane (85:15, v/v) and 
then whole dichloromethane. The polar-containing fractions were 
eluted with a mixture of dichloromethane-methanol (65:15, v/v) 
and then methanol. The eluants were concentrated by rotary 
evaporator in a 35°C water bath and then further concentrated in 
a vial under a nitrogen stream. Elemental sulphur, occurring as 
yellow crystals in the saturated fraction was removed using 
finely divided copper in capillary column (Blumer, 1957). The 
eluants above were dried and weighed, and the content of 
extractable organic matter (EOM), saturated hydrocarbons (SAT), 
aromatic hydrocarbons (AR0), polar compounds (POL) and 
asphaltenes (ASP) was calculated back to the original sample
weight.
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2.3d Gas Chromatography
Blumer (1975) suggested that gas chromatography (GC) provided the 
best tools for resolving complex mixtures of crude oils and 
source rock extracts. GC-MS has recently been developed to 
enable analysis of whole oils to be undertaken (Philp, 1985). 
Relative abundance of individual components of saturated and 
aromatic hydrocarbon fractions were examined by using a Varian 
model 3700 gas chromatograph with a Hewlett Packard 3390A 
integrator. A 25 m vitreous silica capillary column (25QC2/ 
BP5-1.0) was programmed to heat from 50°C to 280°C at 4°C per 
minute and to be held 20 minutes at 280° C. Branched and cyclic 
saturated hydrocarbons were isolated by refluxing the saturated 
hydrocarbon fractions with a 5A molecular sieve in redistilled 
cyclohexane (saturates:sieve¡cyclohexane = 1:5:12 by weight) for 
24 hours.
2.3e Gas Chromatography - Mass Spectrometry (GC-MS)
GC-MS analysis provides structural information on the 
components of complex organic mixtures in relatively low 
concentrations. The mixtures studied contain varying levels of 
biological markers (biomarkers). Eglinton and Calvin (1967) 
introduced the term chemical fossils to describe carbon skeleton 
compounds which relate to the sample's biological origin. The 
major classes of biomarkers currently used in petroleum
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exploration studies are the branched and cyclic hydrocarbons 
(Philp, 1985). Leythaeuser et al. (1984) explained why the 
biological markers are excellent elements for accurate 
characterization of the type of organic matter in source rock. 
The markers consist of large size molecules, that have not been 
completely expelled from the source rock. Hopanes (a class of 
pentacyclic triterpanes) and steranes (derived from steroles) are 
widely used as correlation and source indicators in source rock 
studies because of their occurrence in both crude oils and source 
rocks. Philp (1985) summarized the biomarker parameters based on 
steranes and triterpanes that have been used in petroleum studies 
(Table 2.4).
The branched and cyclic saturated fractions and aromatic 
fractions from extracts of source rock and crude oil were 
analysed for biomarkers using a VG quadrupole mass spectrometer 
interfaced directly to a Varian Model 2700 gas chromatograph. 
Mass spectral data were processed using a Data General Nova 3 data 
system, and stored on a Pertec 10 Mb hard disc. Fragments used 
for selection monitoring of steranes was m/z 217 and the terpane 
was m/z 191. Identifications of terpanes and steranes commonly 
occurring in the study areas are shown in Table 2.5. Mass 
spectra of some biomarkers are compiled in Appendix 1. GC-MS 
studies were mostly carried out at the Department of Chemistry, 
the University of Wollongong. Some oils and source rock extracts 
from Tuna field were determined by CSIRO (T. Gilbert) using a
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Table 2.4 Summary of biomarker parameters based on terpanes 
and steranes that have been used in petroleum studies
(from Philp, 1985)
Biomarker parameter Applicatlon Re ference
Tr icyc l ic  terpanes {%) Source Seifert and 
Moldowan, 1978
Change in paraffin concentration plus Increase 
in sterane and trlterpane concentration
Migration and/or maturation 
specific 1 f common source established
S e ifert and 
Moldowan, 1978
2̂9 + 3̂0 Pr m̂ary terpanes 
2̂7 * 2̂8 secon( âry terpanes
Source and maturation Se1fert and 
Moldowan,.1978
17a(H)-22,29,30-trlsnorhopane (T ) 
l0a(H)-22,29-30-tr1snorhopane ( T )
Source and maturation Seifert and 
Moldowan, 1978
5 0 (H) steranes/17a(H) hopanes Migration 1f common source 
establ1 shed
Seifert and 
Moldowan, 1978
170(H),210(H) ,
170(H),2l0(H)+170(H),21a(H)+17a(H),210(H) nopanes Maturation Mackenzie et a l . ,  1980
(2 2 R I
\ 2 2 ft'+22S)' 17o(H),210(H)-homohopanes Maturation Mackenzie et a l . , 
1980
TZIT5T 20R)' 138(H) ,l7a(H)-d1acholestane Maturation Mackenzie et a l . ,  
1980
(73S+24 r~)' (20R)-24-methyl-aaa-chol estane Maturation Mackenzie et a l . ,  
1980 '
C 2 OR) 1 
(20 il+20s )' “24-ethyl-aaa-cholestane Maturation Mackenzie et a l . ,  
1900
- ----  (20R+20S) 24-ethylcnolestane^000 + aaa '  J
aaa-C7g steranes*
aaa-C^g steranes
Maturation
Source
Mackenzie et a l , ,  
1900
Seifert ,  1980
aaa-C^y steranes* 
aaa-C^g steranes
Source Se1fert et a l .,  
1983
a?°  [ 2 m }  S
Migration Se1fert et a l . ,  
1979
* C28 ♦ C „  , t . r . n . , Migration 5e1fert et al . 
1979
0aa (2OR)-C28+a00(2OR+2OS)-C28+0O0(2OR+2OS)-C2g
1 1 1'" ™/oa□ \ f ■ r r 1 1 steranes aaa v'-'HJ — ̂ 28
Source Se 1 fert et a l . , 
1979
C2- triaromatic steranes 
triaromatic + C28 monoaromatic steranes Maturation and aromatization
Mackenzie and 
Maxwel1, 1981
C2j monoaromatic steranes 
triaromatic + C28 monoaromatic steranes
Maturation and bond breaking Mackenzie and 
Maxwel1, 1981
C28 triaromatic steranes 
C2q triaromatic + C22 triaromatic steranes
Maturation and bond breaking Mackenzie and 
Maxwel1, 1901
Preferential removal of C-7- 2OS dlasterane over 
20R eplmer
Biodegradation AI exander et a l . ,  
1983b
Preferential removal of regular steranes over 
dlasteranes
Biodegradation AI exander et a l . ,  
1983b
aaa, a0 0 , 300, 0aa refer to the stereochemlstry of the H atom at the 5, 14 and 17 positions respectively of the 
regular steranes
Table 2.5 Identifications of terpanes a) and steranes 
commonly occuring in the study area
Peak No, Compound Identification Chemical Formula
a) Terpanes (m/z 191 and nr/z 177 chromatograms)
1 C^-Tetracycl 1c terpane C24H42
2 10a(H)-22,25,29,30-Tetranorhopane C26H44
3 18a(H)-22,29,30-Trisnorneohopane C27H46
4 17a(H)-22,25,29,30-Tetranorhopane C26H44
5 17a(H)-22,29,30-Trisnorhopane C27H46
6 17a(H).218(H)-25,30-Bisnorhopane C28H48
7 17a(H).210(H)-28,30-Bi snorhopane C28H48
8 17a(H).210(H)-25-Norhopane C29H50
9 17a(H), 218(H)-30-Norhopane C29H50
10 Compound X-C^-Pentacycl ic terpane* C30H52
11 170(H), 21a(H)-30-Normoretane C29H50
12 17a(H),2l0(H)-Hopane C30H52
13 170(H),21a(H)-Moretane C30lf52
14
15
17a(H),210(H)-25-Norhomohopane (22S and R)** C30H52
16
17
17a(H),21ß(H)-Homohopane (22S and R)** C31H54
18
19
17a(H),2l8(H)-25-Norbishomohopane (225 and R)** C31H54
20
21
17a(H),218(H)-B ishomohopane (22S and R)** C32H56
22
23
17q(H) ,21 8(H)-'Trishomohopane (22S and R)** C33H58
24
25
17a(H),210(H)-Tetrabishomohopane (22S and R)** L34H60
b) Steranes (m/z 217 chromatograms)
1
2
3
4
5
6 
7
0
9
10 
11 
12
13
14
15
16
17
18
19
20
130(H),17a(H)-Diacholestane (20S)
13B(H) ,1 7a(H)-Di acholes tane (20R)
13a(H), 170(H)-Diacholes tane (2 0S)
13q(H), 178(H)-01acholestañe (20R)
24-Methyl-136(H),17a(H)-diacholes tane ( 20S) 
24-Methyl-136(H) ,17a(H)-diacholestane ( 20R) 
24-Methyl-13a(H),170(H)-di achol estañe (20S)
+ 14a(H), 17a(H)-cholestane (20S)
24-Ethyl-136(H) ,1 7a(H)-d1acholes tane ( 20S)
+ 14 6(H) ,1 70(H)-choles tane (20R)
140(H) ,1 7B(H)-Choles tane (20S)
+ 24-me thy1 - 13a(H) ,1 70(H)-d1acholes tane (20R) 
14a(H), 17a(H)-Cholestane (20R)
24-Ethyl-130(H),17a(H)-diacholes tane ( 20R)
24-Ethyl-13q(H), 178(H)-diacholes tane ( 2 0S) 
24-Methyl-l4a(H),17a(H)-choles tane (2 0S)
24-Ethyl-13a(H)', 178(H)-di achol es tane (20R)
+ 2 4 -me t hy1 -14 8(H) ,178(H)-cho Testane ( 20R) 
24-Methyl-140(H),178(H)-choles tane (20S)
24-Methyl-14a(H),17a(H)-choles tane ( 20R)
24-Ethyl- 14a(H), 17a(H)-choles tane (20S)
24-Ethyl-148(H),176(H)-cholestane ( 20R)
24-Ethyl-140(H),176(H)-choles tane (20S)
24-Ethyl-14a(H), 17a(H)-choles tane (20R)
C27H48
C27H48
C27H48
C27H48
C28H50
C28H50
C28H50/
C27H48
C27H48/
C28H50
C27H48
C29H52
C29H52
C28H50
C29H52‘
C28H50
C28H50
C28H50
C29H52
C29H52
C29H52
C29H52
‘ Precise structure unknown 
“ For each pair 22S is f i r s t  eluti ng compound
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Finnigan 4023 GC-MS system. GC conditions were: 40 m fused 
silica WCOT column programmed from 10 to 200°C at 20°C per minute 
and then 4°C per minute to 280° C. The mass spectrometer was 
operated in multiple-ion detection mode at an electron energy of 
70 eV and ion current of 250 vA.
2.3f Infrared Spectrometry
Infrared spectrometric analyses of soluble bitumen and 
asphaltenes from solvent extracts of source rock were carried out 
using a Perkin Elmer Model 783 infrared spectrometer.
2.4 TIME-TEMPERATURE MODELLING
Numerous works have been made to describe and model the 
maturation process to understand coalification and/or timing of 
oil generation in terms of temperature, time and/or burial 
history (Karweil, 1956, 1975; Tissot, 1969; Lopatin, 1971;
Connan, 1974; Hood et al., 1975; Shibaoka and Bennet, 1977; 
Cooper, 1977; Kantsler et al., 1978a; Kantsler et al., 1978b; 
Royden et al., 1980). These authors consider that the integrated 
effects of three variables are primary causes of maturation. 
These factors are themselves influenced by a variety of' 
geological variables including basement heat flux, „temporal 
variation in heat flow, depth to basement and the variable
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thermal conductivity of sedimentary section. Kantsler et&1. 
(1978a) pointed out that variations in such diverse phenomena as 
rate of subsidence, plutonism, rifting, deep-seated faulting, 
tectonic setting, regional structural trends and shear stress 
significantly influence maturation variation. Many studies 
attempted to propose and calibrate the proposed models of thermal 
and subsidence history (e.g., Turcotte and- McAdoo, 1979; 
Middleton, 1980; Falvey and Middleton, 1981), and applied 
maturation models to regional geology using vitrinite reflectance 
data (Cook and Kantsler, 1979; Thomas, 1979; Smith and Cook, 
1984; Stainforth, 1984; Kantsler, 1985). Most models of 
maturation processes are based on first order reaction equations. 
Each model has its own theoretical basis; it is desirable to apply 
several different models simultaneously.
The model from Kantsler, Smith and Cook (1978a, 1978b) was used 
in the study because of its broad application in non-marine 
Australian sedimentary basins. They developed the use of Karweil 
nomograph (1956) as modified by Bostick (1973) to derive 
maturation temperatures corresponding to two different 
assumptions about the time/temperature relationship. Bottom hole
temperatures (BHT) provided reference points for comparison with 
model-derived temperatures.
The models of time/temperature are termed isothermal temperature 
(Tiso) and gradthermal temperature (Tgrad). The isothermal state
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where temperatures required to generate the observed vitrinite 
reflectance are assumed to have acted over the entire period of 
maturation. Tiso is read from Karweil nomogram (Figure 2.6) 
using vitrinite reflectance and age of organic matter. Tiso 
implies that the sedimentary rocks reached such temperatures very 
early in their burial history and rapid subsidence. The 
r̂adtherraal rnô elapplies where temperatures have risen constantly over 
the age of the sedimentary rocks since deposition of 
sedimentary. Tgrad is integrated with respect to differences in 
temperature over time. The relationship between Tiso and Tgrad 
is non-linear, however, the conversion factor is very close to 
1.6 (Tiso-10>10 in the range of temperatures commonly encountered in 
oil and gas exploration (50-200°C) (Cook, 1982a).
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Figure 2.6 Karweil Nomogram showing relationship of time(Ma), temperature(°C) and 
rank scales (after Bostick, 1973). Scale C - Teichmiiller (1971) ; 
scale H — qualitive Best fit relation (Bostick;, 1973) .
CHAPTER THREE
GEOLOGICAL SETTING OF GIPPSLAND BASIN, AUSTRALIA
3.1 INTRODUCTION
The Gippsland Basin is located at the eastern end of Bass Strait 
in southeast Australia and covers an area of approximately 
50,000 km^ (Fig. 3.1). The basin is bounded to the north by the 
Victorian Ranges and to the south and southwest by the Bassian 
rise which occurs between Flinders Island and the Mornington 
Peninsula. The basin is open to the Tasman Sea to the east. 
About one-fifth of the Gippsland Basin is onshore (in 
south-eastern Victoria) and the remainder extends offshore 
beneath eastern Bass Strait and the Tasman Sea.
The Basin contains Late Mesozoic to Recent sediments and was 
formed during separation of the Australia and Antarctic 
components of Gondwanaland during the Jurassic (Griffiths, 
1971). Upper Cretaceous to Quaternary sediments overlie the 
Jurassic to Lower Cretaceous sediments. Non-marine deposition 
occurred mainly during the Upper Cretaceous to Eocene. A marine 
incursion commenced in the Early Oligocene and marine sediments 
were deposited in the offshore part of the basin. The maximum 
thickness of the Gippsland Basin sediments is about 7 km. A 
detailed geology for the Gippsland Basin was reported by 
Threlfall et al. (1976) and Stainforth (1984).
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Figure 3.1 Location map of 
Australia (from
Gippsland Basin 
Smith and Cook,
in southeastern 
1984) .
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The Latrobe Valley Coal measures In the onshore part of the 
Gippsland Basin contain the world1s largest commercial brown coal 
deposits. Major oil- and gas-producing fields occur in the 
offshore part of the basin.
3.2 REGIONAL TECTONISM AND STRUCTURE
The Gippsland Basin is termed an Atlantic margin-type (Dewey and 
Bird, 1970) or a post-orogenic continental margin-type basin 
(Colman, 1976). Colman (1976) stated that the basin has a high 
degree of north-south symmetry but in an east-west direction it 
is asymmetrical, with sediments thinning towards Mesozoic 
outcrops along its Western margin, and thickening eastwards 
towards the outer edge of the craton. Three tectonic divisions 
have been delineated in the Gippsland Basin; Lake Entrance 
Platform, graben-like Central Deep and South Platform (Hocking 
and Taylor, 1964).
The tectonic framework of the southern and southeastern margin of 
Australia, including the Otway, Bass and Gippsland Basins, have 
been discussed by Griffiths (1971), Elliot (1972), Falvey (1974), 
Boeuf and Doust (1975), Gunn (1975), Threlfall et al. (1976), 
Hocking et al. (1976), Deighton et al. (1976), Weissel et al. 
(1977), Falvey and Mutter (1981), Cande and Mutter (1982), Smith
(1982), Veevers et al. (1982) and Smith and Cook (1984). Most of
52
these authors have explained the formation of Australia s 
southeastern margin by plate tectonic movements associated with 
the breakup of the Pacific margin of the Gondwanaland continental 
mass into Antarctica, Australia and the area containing the Lord 
Howe Rise, Chatham Rise, Campbell Plateau and New Zealand. The 
breakup of the southern margin between Australia and Antarctica 
began between 90 and 110 million years ago (Ma) (Cande and 
Mutter, 1982). The Tasman Sea along the south-eastern margin 
formed in the Late Cretaceous, about 80 Ma. Smith (1982) noted 
that the Bass, Otway and Gippsland Basins were connected through 
the King Island-Mornington Ridge which did not begin its main 
phase of development until at least the end of the Early 
Cretaceous. Threlfall et al. (1976) suggested that the movement 
of the Tasmanian block to the southwest created a tensional 
system in which two separate depressions (the Bass and Gippsland 
Basins) were formed by crustal thinning. The crustal thinning 
process has been explained by subcrustal erosion by convection 
currents (Von der Borch et al., 1970) and by thermal expansion in 
the mantle and deep crustal metamorphism (Falvey, 1974). The 
southeastern continental breakup and depression probably led to 
shallow sea formation along the southeastern margins. The 
Gippsland Basin has developed as a consequence of rift and drift 
events; deposition began in the Late Cretaceous and has continued 
to the present. The generalised tectonic setting of the 
Gippsland Basin is shown in Figure 3.2.
Figure 3.2 A map showing generalized tectonic setting of the Gippsland Basin
(from Threlfall et al., 1976).
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The five Basin tectonic phases proposed by Smith (1982) and Smith 
and Cook (1984) are shown in Figure 3.3 in relation to 
tectono-sedimentary features. These phases are the 
Strzelecki—Otway Rift phase (130—100 Ma); the Tasman Sea Rift 
phase (100-80 Ma); the Tasman Sea drift phase (80-55 Ma); the 
Gippsland stable phase (55-20 Ma); and the Gippsland shelf phase 
(22-0 Ma).
a. Strzelecki-Qtway Rift Phase (Early Cretaceous)
During the Strzelecki-Otway Rift phase, rift-controlled 
structural trends were oriented west-northwest to east-southeast 
by tensiona.1 stress with rapid subsidence. The Bassian Rift and 
Strzelecki rift have been referred to as a pre-Gondwanaland 
breakup structure where basin development occurred across the 
southern margin of the Australian block (Carey, 1956; Hocking, 
1976). The North Bounding Fault system developed in this phase 
and is located south of the Bassian Rift Boundary (termed the 
Lake Wellington Fault system by Tompson, 1980) (see Fig. 3.4). 
Sediments were deposited in alluvial, fluvial and restricted 
paludal environments in steep-sided fault-controlled basins. 
Sediment deposition in this phase was largely confined to eastern 
Victoria where the thickness is at least 3 km (Jenkin, 1971).
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Figure 3.3 Time relationships of interpreted tectonic 
history and lithostratigraphic units in the 
Gippsland Basin (from Smith and Cook, 1984).
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b. Tasman Sea Rift Phase (Cenomanian to Santonian)
The Tasman Sea Rift phase is distinct from the Strzelecki-Otway 
phase because of a middle Cretaceous unconformity which was 
produced by uplift and erosion associated with the Otway 
breakup. The sediments associated with the Tasman Sea Rift phase 
consist of shale, poorly sorted sandstone and coal seams. These 
rocks were deposited in fluvial, alluvial and lacustrine 
environments. This phase was controlled by a block faulting 
system along a northeast-southwest trend with rapid subsidence.
c. Tasman Sea Drift Phase ( mid-Gxeta-ceous)____
The Tasman Sea Drift phase was initiated by subsidence of the 
axial rift during the Campanian. This subsidence was followed by 
horizontal breakup movements through the Eocene. Tensional 
stress and lateral wrench-faulting occurred in the offshore 
Gippsland Basin during this phase. The opening of the Tasman Sea 
allowed a marine transgression to advance up the main Tasman Sea 
rift from the south. Subsidence and deposition were initially 
rapid. The burial gradients in this phase increased from less 
than 30 m/million years onshore to 100 m/Ma in the centre of 
offshore Central Deep and a small number of wells in the Central 
Deep which intersect older strata indicate burial gradients were 
over 120 m/Ma and up to 230 m/Ma (Smith and Cook, 1984). An 
aggradational and progradational fluvio-deltaic to
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marginal-marine coal measure sequence developed during this 
phase.
d . Gippsland Stable Phase (Middle Eocene to Early Miocene)
The Gippsland Stable Phase was controlled by a north-northwest to 
south-southeast compressional stress regime. This regime was 
characterized by forced folds <■ which were caused by the Otway 
Basin spreading to the south of the Tasman Sea and strike-slip 
movement along Tasman Sea fracture zones (Smithand C o o K ,1984).
This tectonism rejuvenated formation of the 
southeast Victorian Ranges. The Lakes Entrance Platform, the 
graben—like Central Deep and the South Bounding Fault were 
probably separated by fault movement in this phase (Smith, 
1982). The Central Deep terminates against the Strzelecki Ranges 
in the western and the onshore part of a graben forms the 
Seaspray Depression. Sedimentation occurred in the downthrown 
blocks of the Latrobe Valley, Moe Swamp Basin, AlbertojiarYd Seaspray 
and LaKeWellio.g'ton Impressions at rates of less than 20 m/million 
years in this phase. The compression and faulting caused
structural uplift in the northeastern offshore area, westerly 
tilting of strata along the eastern margin and open folding 
trending east-northeast to west-southwest. Major eustatic 
changes occurred over eastern parts of the onshore areas and over 
all offshore areas of the Gippsland Basin during the end of the 
Early Oligocene. Thick coal bearing sediments, carbonaceous
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shales and thin marine sediments were deposited in 
fluvio-lacustrine, fluvio-deltaic and marginal marine cycles 
during the Gippsland stable phase.
e . Gippsland Shelf Phase (Miocene to Recent)
The Gippsland Shelf phase developed because of rapid subsidence 
and deposition (more than 150 m/million years) resulting from 
removal of regional compression, increased right-lateral shearing 
and isostatic adjustment in the offshore Gippsland Basin. Some 
macroscale folds developed in the Latrobe Valley Depression 
because of movements on northeast-southwest trending high angle 
and reverse faults. A marine, shelf-slope sequence developed 
offshore and the onshore coal measures were deposited on marine 
beds.
A number of structural features of easterly or north-easterly 
trend are commonly arranged as en echelon anticlines in the 
offshore part of the Gippsland Basin (Fig. 3.4). The Barracouta 
gas field is dominated by a simple anticline structure, whereas 
breached anticlines are the dominant structure in the marlin and 
halibut oil/gas fields (Griffith and Hodgson, 1971; Franklin and 
Clifton, 1971). These anticlines originated, in part, from 
differential vertical movement and tilting of basement blocks 
accompanied by drape adjustment of the overlying less competent 
Tertiary strata (Hocking, 1972). They also originated from
Figure 3.4 Regional structure features of the Gippsland Basin
(from Hocking et al., 1976) .
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compression associated with right lateral movements on major 
east—trending shear zones. These movements were initiated in the 
Late Eocene and were relatively reactivated during the late 
Miocene (Elliot, 1972; Threlfall et al., 1976). The Latrobe 
Valley Depression ccna'La-i ns the Yallourn, Morwell and 
Rosedale monoclines. Minor faults and monoclines within the 
Seaspray Depression have been subjected to intermittent tectonic 
movements which have modified the pattern of sedimentation within 
the depression. An E-W cross-section through the offshore and 
onshore areas and a NE-SW cross-section through the offshore 
Gippsland Basin are given in Figure 3.5. A cross-section through 
the Latrobe Valley Depression is given in Figure 3.6.
3.3 STRATIGRAPHY AND SEDIMENTATION
The stratigraphy of the offshore Gippsland Basin is given in 
Figure 3.7. The Gippsland Basin consists of Paleozoic basement 
rocks and Mesozoic-Cenozoic sedimentary strata. The Basin is 
divided into onshore and offshore areas. The stratigraphy of 
these areas correlates only with regard to major subdivisions 
such as the Strzelecki Group, Latrobe Group and Seaspray Group. 
In the present study, division of the stratigraphical and 
palaeontological sequence for the offshore follows the scheme 
proposed by work of ESSO Exploration and Production Australia Inc 
and James and Evans (1971). For the Latrobe Valley area and
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Figure 3.5 An East-West cross-section (A-A') through offshore, onshore and 
a NE-SW cross-section (B-B1) through Gippsland Offshore Basin 
(from Hocking et al., 1976).
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Figure 3.6 Latrobe Valley Depression cross-section (from Hocking et al.f 1976).
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Figure 3.7 Stratigraphy of offshore Gippsland Basin 
(from Trefall et al. , 1976; modified from 
James and Evans, 1971).
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Seaspray Depression, stratigraphic divisions of Gloe (1967) and 
Hocking (1972, 1976, 1980) and Thompson and Walker (1982) is
used. The scheme of Stainforth (1984) and Bodard et al. (1985) 
are referenced for the Latrobe Group in the offshore 
stratigraphic division.
a. Palaeozoic Rocks
The Palaeozoic basement rocks outcrop around the Eastern 
- Victorian highlands, the South Eastern Victorian Highlands and 
offshore along the Wilsons Promontory-Bassian Rise and the 
Flinders Island High. They have been intersected in numerous 
onshore and offshore boreholes: Bluebone-1, Groper-1 and Duck Bay 
No.l (Colman, 1976). The Palaeozoic rocks include Ordovician and 
Silurian siltstones, shales, sandstones and basic igneous rocks. 
This sequence was partly deformed during the Devonian 
- Tabberabberan Orogeny and was intruded by massive granites and 
granodiorites.
b . Strzelecki Group
The Strzelecki Group comprises Jurassic to Early Cretaceous
rocks. Medwell (1954) introduced the term Strzelecki to refer to
the flora of the Victorian Lower Jurassic. The Strzelecki Group v 
is currently- raided by most worKerS as Early Cretaceous (Smith,pers.commvl987)
ahdihebeds outcrop over two major elevated areas which tend northeast
and form the South Gippsland Highlands; one is centred around the
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Korumburra area, the other is in the Balook area (Douglas, 
1976). The outcrop area of the Strzelecki Group is about 3900 km 
(Douglas, 1976) and the maximum thickness is unknown. Tops have 
been intersected, however, at Wellington Park No.l (2500 m) 
onshore and Emperor-1 (159 m), Golden Beach 1-A (610 m) and 
perch-1 (1354 m) offshore. •
The Strzelecki Group is characterized by a marked angular 
unconformity at its top. The same sequence is referred to as the 
Lower Cretaceous Otway Group in the Otway Basin and Bass Basin. 
The Strzelecki Group is a nonmarine sedimentary sequence, 
consisting predominantly of greywacke, arkoses, chloritic 
mudstones and sparse coals (Colman, 1976). The Strzelecki
sediments represent a rift-valley sequence where rapid deposition 
occurred in alluvial, fluvial and lacustrine environments. The 
coal seams are thin, intensively faulted and cleated.
c. Latrobe Group
The Latrobe Group consists of Upper Cretaceous to Miocene 
strata. Thomas and Baragwanath (1949) introduced the term 
Latrobe Valley coal measures and included both the entire 
coal-bearing Tertiary sequence of the Latrobe Valley area and the 
associated volcanic rocks. The stratigraphic nomenclature has 
since been revised such that the Latrobe complex refers to the 
offshore coal measures sequence (Richards and Hopkins, 1969), the
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Latrobe Group (James and Evans, 1971) refers to offshore parts 
and the Latrobe Valley Group (Hocking, 1972) refers to regions in 
the Latrobe Valley Depression. One of the major unresolved 
issues of the Latrobe Group stratigraphy is the relationship 
between the coal measures section of the Latrobe Valley and the 
thick marine Tertiary sequences (Seaspray Group) to the east 
(Hocking et al., 1976).
Detailed stratigraphic and depositional aspects of the Latrobe 
Group have been described for the Latrobe Valley depression and 
offshore areas.
c-1 Latrobe Valley Depression
Subdivisions of stratigraphy, based on Gloe (1967) and Hocking 
(1976) are given in Figure 3.8. The Traralgon Formation is the 
basal unit of the Latrobe Valley Group and represents the Lower 
and Upper Nothofagidites asperus zones of the Middle Eocene to 
Late Oligocene (Hocking, 1976). This formation consists of 
claystones, sandstones, conglomerates and coals. The main coal 
seam is up to 120 m thick in the Coolungoolun area. The Morwell 
Formation is widespread in the Latrobe Valley Depression areas, 
Haunted Hill Block and Moe Swamp Basin. It is 150 m to 180 m 
thick and mainly comprises coal seams. This formation represents 
the middle and upper parts of the Proteacidites tuberculatus zone
and is Late Oligocene to Early Miocene. The Yallourn Formation
Figure 3.8 Stratigraphic column for the rock sequence of the Latrobe Valley 
Depression (from Hocking et al., 1976) .
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overlies the Morwell Formation in the Latrobe Valley Depression, 
and consists of claystones and sandstones up to 120 m thick in 
the lower parts. It also contains up to 100 m of coal seams in 
the middle section and more sandstones and claystones in the 
upper section. The formation represents the Triporopollenites 
bellus zone of the Middle to Late Miocene. The depositional 
environment was probably fluviatile, lacustrine and deltaic.
c-2 Offshore Area
The Latrobe Group in the offshore area ranges from Late 
Cretaceous to Late Eocene and has a maximum thickness of 5 km. 
Hocking et al. (1976) explained the sedimentary pattern of the
offshore basin for the Palaeocene to Miocene (Fig. 3.9). 
Stainforth (1984) reported a detailed stratigraphy and structural 
style of the northeastern margin of the Gippsland Rift (Figs. 
3.10 and 3.11). Three formations (Flounder, Turrum and Gurnard) 
have been recognised offshore with channels incised into 
underlying parts of the Latrobe Group (Threlfall et al., 1976; 
Bodard et al., 1985) tentatively differentiated the main form of 
the Latrobe Group into Upper-Latrobe, southeastern top-Latrobe 
and Lower—Latrobe parts using the nature, associations and 
stratigraphic and temporal relationships between facies 
delineated wireline log.
The Lower-Latrobe strata consist of sandstones and shale/coal 
mixtures. These strata were deposited in fluvial, coastal plain,
PALAEOCENE EARLY EOCENE
Figure 3.9 Sedimentary patterns of Palaeocene and
Miocene rocks in Gippsland Basin 
(From Threlfall et al., 1976).
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Figure 3.10 Sedimentary facies map in the northeastern margin
of the Gippsland Basin (from Stainforth, 1984) .
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Figure 3.11 Stratigraphy and structure of the northeastern margin of
Gippsland Basin (from Stainforth, 1984).
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back barrier and locally deltaic environments during the 
Cenomanian to Campanian Volcanics are interbedded with Latrobe 
Group sediments in the Central Deep and consist of thin flows of 
altered olivine basalt. Minor volcanics are present from the 
Upper Cretaceous (in Snapper, Tuna, Perch and Dolphin Wells) to 
near the top of the Latrobe Group in Bream-2.
The southeastern top-Latrobe strata consist of thick sandy facies 
in the eastern and southeastern parts of the basin. These strata 
were probably deposited as sand-rich coastal barriers and in 
other shallow marine environments in the southeast during the 
Late Campanian to Maastrichtian/Early Palaeocene. The T. Longus 
and Lower L . Balmei zones are part of this strata. Stainforth 
(1984) explained that the Gippsland coastline transgressed 
northwestwards from the newly opening Tasman Sea in the period, 
so paludal and coastal plain facies were deposited landward of 
back-barrier and lagoonal sediments. In Mid to Late
Maastrichtian, first major transgression occurred across the 
eastern part of the basin and first major regression occurred in 
Date Maastrichtian caused by decreasing subsidence rate together 
with either an increased supply of coarse clastic sediments or a 
sea level still-stand, or a combination of all these factors 
(Stainforth, 1984).
The upper paftof the Latrobe Group (t.(5 is probably a result of extensive shoreline
migration. Sandstones were deposited as part of a coastal
low-lying, well-vegetated,barrier coastal plain
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environments during the Late Palaeocene to Eocene. Submarine 
channelling of the eastern seaward margin of the basin occurred 
in the Early Eocene .The upperunitS of the L.G. consist of laterally 
persistent, interbedded sandstones, shale and coal.
The Lower to Middle Eocene Flounder Formation fills the 
Tuna-Flounder Channel. It is up to 500 m thick and consists of 
coarse elastics and shaly siltstones (James and Evans, 1971). 
The formation rests unconformably on the Upper Latrobe strata and 
is separated-by an unconformity from overlying strata.
The Late Eocene Turrum Formation fills the Marlin Channel and is 
up to 350 m thick. It consists of dark grey-brown shale with 
rare coarse clastic interbeds. The formation unconformably 
overlies the Upper Latrobe strata or the Flounder Formation and 
is unconformably overlain by the Gurnard Formation or by the 
Lakes Entrance Formation.
The Lower Oligocene Gurnard Formation is distributed sporadically 
over the eastern two thirds of the offshore area. It is up to 
40 m thick and consists of glauconitic sandstone, siltstone and 
mudstone (James and Evans, 1971). A transition from extensional 
to compressional tectonics, accompanied by some wrenching and 
deep block faulting and tilting, gave rise ' to the major 
anticlinal structures in the basin during Early Eocene to Early 
Oligocene (Smith and Cook, 1984; Stainforth, 1984).
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d. Seaspray Group
The Upper Eocene to Recent Seaspray Group comprises a 
transgressive marine sequence up to 1 km thick onshore and over 
2 km thick offshore. Hocking (1972) introduced the term Seaspray 
Group to refer to the entire marine sedimentary sequence of the 
southeastern onshore basin. Thompson and Walker (1982) confirmed 
that the group is present in the Seaspray Depression (a 
southwesterly extension of the onshore basin).
The Oligocene to Early Miocene Lakes Entrance Formation is 
distributed through the Central Deep, Lakes Entrance area and 
South Platforms. It consists of mudstones with variable 
argillaceous, calcareous, pyritic and glauconitic content (James 
and Evans, 1971; Thompson and Walker, 1982). The formation is 
separated by an unconformity or disconformity from the underlying 
Latrobe Group. The thickness of this formation is up to 500 m in 
the offshore and is about 225 m in the eastern part of the Lake 
Wellington Depression.
The Lower to Upper Miocene Gippsland Limestone conformably 
overlies the Lakes Entrance Formation over most of southeastern 
onshore and offshore areas but unconformably onlaps the Latrobe 
Group near the western margin and the Palaeozoic basement along 
the northern margin of the basin. The formation consists of 
fossiliferous limestone, marly limestone and marl, and is up to
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1.5 km thick in the offshore and 0.5 km thick in the onshore 
areas. These sediments were deposited by submarine channels in 
deep water, and later shelf accumulations of Upper Miocene 
limestones were formed by the present shelf and slope of the 
basin (Threlfall et al., 1976).
f The Tambo River and Jemmys Point Formations arealso inc luded in 
the Seaspray Group. These formations have not been identified 
offshore but an equivalent has been reported in the Halibut field 
where these consist of about 300 m of silty marl (Franklin and 
Clifton, 1971) .
e * Sale Group
Sale Group is a nonmarine clastic, the Upper Miocene to 
Post-Pliocene sequences having almost 200 m thickness and is 
distributed over the southeastern onshore areas. The Sale Group 
has three formations: the Boisdale, Coongulmerang and Haunted 
Hill Gravel.
3.4 KINGFISH AND TUNA OIL/GAS FIELDS
The Gippsland Basin has emerged as the important hydrocarbon 
province in Australia and includes eleven major producing oil/gas 
fields (Fig. 3.12). Crude oils and geological samples were 
collected from Kingfish and Tuna oil/gas field.
Figure 3.12 Major producing oil/gas fields in Gippsland Offshore Basin
( c o m p i l e d  f r o m  Y o u n e s  e t _ a l . , 1 9 8 6  a n d  K u t t a n  e t  a l ., 1 9 8 6 ) .
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a. Kingfish Oil Field
The Kingfish oil field is located 77 km offshore from Victoria 
beneath 77 m of water. It occurs in licence Blocks Vic/L7 and 
Vic/L8. The field is a large, unfaulted, east-west trending, 
eroded palaeotopographic high 6 km wide and 13 km long. The 
Kingfish oil field is currently Australia’s largest producing 
area and had initial reserves estimated at 1.060 MM STB (million 
stock tank barrels) (Bein et al., 1973). Kingfish platforms A 
and B were installed with completion of the 42 well development 
drilling. West Kingfish platform was installed with. 19 
development wells beir\g drilled between October 1982 and May 
1984. The reservoir structure has a maximum gross oil column 
slightly in excess of 82 m (Threlfall et al., 1976).
The structure was formed by a combination of tilting and erosion 
of the Early Eocene Latrobe Group sediments during the Eocene and 
Oligocene. Younes et al. (1986) interpreted the internal
reservoir geometry as a simple anticlinal nose plunging westerly 
at a steeper angle than the top of the coarse elastics 
unconformity. The progressively older beds therefore subcrop at 
unconformity striking easterly (Fig. 3.13).
The reservoir unit comprises an interbedded sequence of marine 
and nonmarine sediments which are characteristic of nearshore
deposition. The unit has been subdivided into seven rock units
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Figure 3.13 A structural cross-section (W-E) along the 
northern flank of the West Kingfish field 
(from Younes, 1986) .
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(Fig. 3.14). Each reservoir unit within a field is identified 
according to the first letter of its palynological zonule 
classification and the order of downward occurrence within that 
zone. Nothofagidites goniatus (Late Eocene), Proteacidites
asperopolus, Malvacipollis____ diversus (Early Eocene) ,
Lygistepollenites balmei (Palaeocene), Tricoloporites lilliei 
(Late Cretaceous) and Clavifera triplex (Late Cretaceous) zones.
The M-1.3 unit is the largest reservoir unit of the Kingfish 
field (Fig. 3.15). The unit grades westwards from a thin 
siltstone near the Kingfish A platform into a thick unit of 
stacked beach/foreshore sandstones in the region of Kingfish-7 
(Younes, 1986).
Kingfish-7 well penetrates lithostratigraphic units of the 
Miocene Gippsland Limestone (Fig. 3.16). Gippsland Limestone is 
intersected between 243 m and 624.8 m. The upper part is 
dominated by skeletal limestone consisting mostly of abundant 
bryozoan, bivalves, foraminifera, ostracodes, aggregates of 
calcarenite and minor calcite. The middle part (624.8 m-975 m) 
consists of marl, calcareous siltstone and calcarenite whereas 
the lower part (975.5 m-1813.6 m) comprises mostly marl and minor 
calcareous siltstones.
The Lakes Formation comprises calcareous shales, siltstone and 
shale between 1813.7 m and 2261.6 m. It contains common pyrite
and carbonaceous matter.
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Figure 3.14 A structural cross-section (E-W) showing internal 
reservoir configuration (from Bien étal., 1973).
Figure 3.15 A structural map of the top of the West Kingfish 
M-1.3 reservoir unit (from Younes et al. , 1986).
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The Latrobe Group is intersected from 2261.6 m to TD 2419.9 m, 
and consists of white-grey, fine to coarse-grained sandstone, 
quartz sandstone, siltstone and coals. Oils were encountered in 
P-1.1, M-1.2 and M-1.3 units between 2296 m and 2337.8 m. Below 
the reservoir unit coal seams occur within the siltstones and 
claystones.
b. Tuna Oil/Gas Field
The Tuna oil/gas field is 42 km offshore from the Victorian 
coast. This field is a large, faulted, partly eroded anticlinal 
structure 7 km wide and 12 km long. The Tuna Field was 
contributing approximately four per cent of Australia1s total oil 
production from four sets of reservoirs (O’Byrne and Henderson, 
1983). The field was discovered in 1968 in the Tuna-1 wildcat 
and development drilling from an 18 conductor platform completed 
by early 1982. Four reservoir units extend about 1300 m to below 
2600 m subsea (Fig. 3.17). The Eocene M-l unit is a major gas 
reservoir and the Upper Cretaceous T—1 unit is a major oil 
reservoir. Non—commercial gas and condensate shows have been 
encountered in the C-l unit located about 600 m below T-l 
reservoir (O’Byrne and Henderson, 1983).
The M 1 unit is unconformably overlain by the Gurnard Formation 
(the uppermost unit of the Latrobe Group) and consists of 
glauconitic, pyritic and argillaceous sandstones and siltstones
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Figure 3.17 A structural cross-section (WSW-ENE) of the Tuna field 
in Gippsland Basin (from O'Byrne and Henderson, 1983) .
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(Fig. 3.18). These were deposited in deltaic channel, stream 
mouth, bar and beach environments. The M-l reservoir sandstones 
have an average porosity of 21% and an average permeability of 1 
darcy. Gas and oil saturations are 75-90% (0fByrne and 
Henderson, 1983). The reservoir is overlain by sealing marls and 
claystones of the Oligocene to Miocene Lakes Entrance Formation.
The L unit reservoirs are between the erosional base of the 
Tuna-Flounder channel and the top of the T reservoirs. The L 
units were deposited as fluvial, stacked point bars and 
associated crevasse splay deposits. They are interbedded with 
and sealed by delta plain-deposited siltstones, claystones and 
coal deposits. Gas and oil were encountered in the L unit having 
similar levels of porosity and permeability of the M-l unit.
The T-l reservoir, the most stratigraphically complex of the Tuna 
reservoirs, has a maximum gross gas column of 48.5 m and a gross 
oil column of 73.5 m (Fig. 3.19). The upper part of the 
reservoir was deposited as thin point bar and crevasse splay 
sandstones. These are separated by flood plain—deposited 
siltstones, claystones and coals. The lower part consists of 
thicker and cleaner stacked, point bar or braided stream deposits 
interbedded with nonreservoir flood plain sediments. The T—1 
reservoir sandstones have a porosity averaging 18% and a 
permeability of about 500 millidarcies (O'Byrne and Henderson,
1983) .
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Figure 3.18 A structural map of the top of the Tuna M-l
reservoir unit (from O'Byrne and Henderson, 1983).
Figure 3.19 A structural map of the top of the Tuna T-l
reservoir unit (from O'Byrne and Henderson,1983) .
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The Tuna-1 well penetrates lithostratigraphic units from Recent 
to Upper Cretaceous (Fig. 3.20). Pliocene to Recent sediments 
were encountered down to 268.2 m and consist mostly of medium- to 
coarse-grained sandstones with rare calcareous beds and pebbles.
The Latrobe Group occurs between 1311.2 m and TD 3640.5 m within 
N. asperus and A. distocarinatus spore-pollen zones of Tuna-1 
well. It is about 2300 m thick and comprises interbeds of 
sandstone, siltstone, claystone, chert, shale and coal. 
Weathered, mottled dark grey-red-green volcanics occur between 
2231.1 m and 2254.6 m. The sandstones have fine— to 
coarse-angular to sub-angular grains, poor to good sorting, 
traces of dolomite cement, local concentrations of pyrite, lithic 
fragments, rare feldspar and coal beds. Numerous (more than 20) 
thin to thick (up to about 20 m total thickness between 1925.7 m 
and 1950.7 m) coal seams are also present. Coal fragments 
commonly occur in the clays tones, shales and siltstones. Two oil 
shows were encountered in L-110 sandstone unit 
(1584.9 m-1645.9 m) and T-l sandstone unit (1950.7 m-2020.8 m) .
Gas shows occurred through the whole reservoir units (M—1, L—110
T-l and C-l). Especially strong peaks occurred in the L-110 and 
T-l reservoir units.
The Lakes Entrance Formation is intersected between 1042.4 m and 
1311.2 m. It is composed of calcareous and silty mudstones that
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contain fossils, traces of glauconite, carbonaceous matter and 
rare large sand grains.
The Gippsland Limestones are intersected between 268.2 m and 
1042.4 m. The upper unit is composed of marl, mica, fine sand 
grains, traces of carbonaceous matter and locally varying 
concentrations of glauconite. The middle unit (570 m-698 m) is 
soft to moderately hard skeletal limestones containing clay 
matrix, fossils, glauconite, stylolites, calcite and rare 
sand grains. The lower unit consists mostly of soft marl, traces 
of mica, carbonaceous matter and small amounts of glauconite.
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CHAPTER FOUR
GEOLOGICAL SETTING OF KOREAN CONTINENTAL SHELF 
AND GYEONGSANG BASIN
4.1 INTRODUCTION
The Korean stratigraphic sequences on the continental shelf 
consist mostly of Tertiary to recent sediments and are located 
in parts of the West Sea (Yellow Sea), South Sea (East China Sea) 
and East Sea (Sea of Japan). The continental shelves are divided 
according to Korean oil concession areas and cover an area of 
approximately 350,000 km2 (Fig. 4.1). Water depths range from 
40—150 m over the continental shelf and the northern part of the 
southeastern Korean shelf-slope connects to the East Sea abyssal 
plains at a water depth of more than 2 km. The Cenozoic 
sedimentary strata of the shelf area have a maximum thickness of 
about 7 km.
The Gyeongsang Basin is located at the southern to south-eastern 
end of the Korean peninsula and covers an area of approximately 
20,000 km2 (Fig. 4.1). The basin is bounded to the north and 
west by the Yeongnam Massif, to the east by the East Sea and to 
the south by the South Sea. The basin is sub-divided into areas 
according to the types and thicknesses of sedimentary strata 
present. The basin sequence consists mostly of Cretaceous
\jw
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Figure 4.1 Location map of Gyeongsang Basin including
Pohang and Haenam area and Korean Continental Shelf.
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sediments and minor Tertiary strata which occur as small 
outliers. The Cretaceous sedimentary strata (termed the 
Gyeongsang Supergroup, Chang, 1975) consist of nonmarine elastics 
and sediments derived from volcanic sources. It has a maximum 
thickness of about 9 km. Neogene sedimentary rocks outcrop in a 
few small areas along the eastern side of the Gyeongsang Basin 
and contain both marine and nonmarine sediments which attain a 
maximum thickness of 0.9 km. Paleogene strata have not been 
reported in the Gyeongsang Basin.
4.2 REGIONAL TECTONISM AND STRUCTURE
The regional geology of the Korean Peninsula is reviewed 
(following Kim, 1974; Lee, 1974; Reedman and Urn, 1975) to present 
a summary of the tectono-sedimentary sequences in the Gyeongsang 
Basin and Korean continental shelf. A geological map and 
generalized stratigraphic column of Korea are given in Figures
4.2 and 4.3 respectively.
The Korean Peninsula forms the southeastern part of the 
Korea-North China platform. Precambrian rocks are the oldest 
units found in the platform and Archaen rocks (gneisses and 
schists) occur in the Gyeonggi and Yeongnam Massifs and extend 
westward into China. Ogcheon Group rocks occur in the Archeozoic 
Ogcheon geosynclinal zones and developed mostly between the
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Figure 4.3 A generalized stratigraphie column of the
Korean Peninsula (from Reedman and Urn, 1975) .
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Gyeonggi and Yeongnam Massifs. This group comprises clastic, 
carbonate and extrusive rocks. The Cambrian to Ordovician Joseon 
Group is separated by an unconformity from the underlying Ogcheon 
System and is made up of fossiliferous quartzite, slate, shale, 
limestone, dolomite and chert. Overlying the Joseon Group, is 
the Late Carboniferous-Permian Pyeongan Group which contains 
economically important anthracite seams. In general, Silurian 
and Devonian rocks are absent in Korea. A few Silurian fossils, 
however, have been reported from Hwanghae Province (Reedman and 
Urn, 1975).
Tectonic movements, such as the Mid-Triassic Songrim Disturbance 
and the Jurassic Daebo Orogeny, affected almost all older 
intracratonic sedimentary basins of the Korea-North China 
Platform (e.g., Ogcheon System, Gyeonggi Massifs).
The Ogcheon Fold Belt and batholithic Daebo Granite were formed 
during the Daebo tectonic event. Following the Daebo Orogeny, 
Cretaceous sediments of the Gyeongsang Basin were deposited in 
alluvial, fluvial and lacustrine environments. Thick 
volcaniclastic and volcanic rocks form the upper part of the 
Cretaceous sequence. Plutonic rocks of the Bulguksa Granite were 
intruded into the southern part of Gyeongsang Basin during the 
Late Cretaceous• The NNE—SSW and WNW—ESE structural trends of 
the Gyeongsang Basin probably originated from the Bulguksa
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Disturbance. This is represented as major shear faulting 
following the deposition of the Gyeongsang Supergroup (Kang and 
Hoshino, 1984).
Tertiary sedimentation followed subsidence of the 
Gyeongsang Supergroup and formation of grabens and uplifts in the 
Gyeongsang Basin and offshore areas. Terrestrial sedimentation 
predominated during the Early Tertiary. Subsequent marine 
transgression into the Gyeongsang basin and continental shelf 
areas occurred in the Upper Miocene to Pliocene. The Quaternary 
tectonic event resulted in uplift in the eastern part of the 
basin and tilting in the western part. Quaternary volcanoes are 
distributed among the islands of Jaeju and Ulleung.
The tectonic and structural framework of the southern and 
southeastern Korean platform, including the Gyeongsang Basin and 
the continental shelf, has been discussed by Emery et al. (1969), 
Wageman et al. (1970), Hoshino (1971), Karig (1971), Uyeda and 
Miyashiro (1974), Kim (1974), Lee (1974), Reedman and Urn (1975), 
Hilde et al. (1976), Frazier et al. (1976), Chang (1977, 1978), 
Koo (1980), Xie and Peng (1981), Chough (1983), Emery (1983), Li 
(1984) and Kwak et al. (1986).
Many of these workers have explained the formation of the 
sedimentary basins in the context of Kula-Pacific-Eurasian plate 
tectonic movements during the Jurassic. Subduction of the 
Kula-Pacific plates into the continental Eurasian plate produced
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the opening of the Sea of Japan and a series of back-arc marginal 
basins in the ate Early Cretaceous (Uyeda and Miyashiro, 1974; 
Hilde et al., 1976). Motion of the Pacific plate changed from 
north-northwest to west-northwest as indicated by the bend in the 
Emperor-Hawaiian seamount chain which occurred approximately 45 
million years ago (Clague and Jarrard, 1973). This change in 
motion could also have been caused by collision of the Eurasian 
plate against the Indian plate between the Eocene and Oligocene 
(Molnar and Tapponier, 1977). Li (1984) suggested that the 
continental Eurasian plate moved eastward because of convergence 
with the Indian crustal plate. This resulted in plate rupture 
and subduction of the Pacific plate beneath the Eurasian plate. 
Emery (1983) considered that the eastward displacement of 
southeastern Asia probably resulted in localized subduction of 
Cenozoic belts between the Asian continental crust and the 
Mariana Trench and related trenches.
Several tectonic provinces have been delineated for the southern 
Korean platform. These are the Fukien—Yeongnam Massif, 
Gyeongsang Basin, Jeju volcanic belt, Korean continental shelf, 
Taiwan-Sinzi Folded zone, Okinawa Trough, Ryuku Folded Zone, 
eastern Tsushima Basin and northern Taiwan Basin (Fig. 4.4). 
These sub-divisions are generally characterized by a series of 
NE SW structural units which progressively become younger to the 
SE. These tectonic features indicate that these Mesozoic- 
Cenozoic basins of the southern Korean platform probably
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Figure 4.4 Major tectonic provinces of the southern Korean onshore and 
offshore oil concession blocks (modified from Wageman 
et al., 1970).
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developed along intraplate rift-depressions (Gyeongsang Basin), 
epicontinental rift-depressions (Korean continental shelves, 
Taiwan Basin, Tsushima Basin) and oceanic zones (Okinawa 
Trough). The foldbelts acted as dams trapping continental 
sediments (Wageman et al., 1970). The Fukien-Yeongnam Massif was 
broken into fault blocks along the weak north—northeast trending 
fracture zones.
Although the numerous geologic and geophysical works have yielded 
insight into the tectonic history of the offshore portion of the 
Korean Platform, many uncertainties remain. According to 
previous explanations of basin development and configuration in 
the tectonic divisions in the southern Korean platform, the 
following tectonic phases can be summarized in relation to 
tectono-sedimentary features. These phases are the 
Jurassic-Early Cretaceous Rift Phase, the Paleogene Rift Phase, 
the South Sea-Floor Spreading Phase and the Neogene Rift Phase 
(Figure 4.5).
a . Jurassic-Early Cretaceous Rift Phase
The first rift-doming event and associated upward migration of 
magma occurred in the Jurassic-Early Cretaceous with widespread 
volcanic activity. It was probably associated with the 
subduction of the Pacific-Kula plate below the southeastern 
Eurasian plate. This event is termed the Daebo Orogeny and is 
related to the Yanshan Orogeny in China (Kang and Hoshino,
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Figure 4.5 Time relationships of interpreted tectono-sedimentary 
events in the Gyeongsang Basin and Korean 
Continental Shelf.
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1984). The Fukien-Yeongnam Massif was uplifted by the end of the 
Mesozoic (Emery, 1983). The intracratonic rifted basins (i.e., 
Gyeongsang Basin) resulted in formation of rift valleys with a 
NE-SW trend. Deposition of the Gyeongsang Supergroup occurred 
along a large NE-SW oriented fault block in alluvial fans, 
steepsided floodplains and in volcanic depressions (Chang, 1978; 
Choi, 1985). Heat flow in the Gyeongang Basin would have been 
high during deposition. Volcanic and intrusive activity occurred 
throughout the Cretaceous and rates of subsidence and deposition 
were comparatively rapid, about 200 m/Ma near the depocenter, 
Chang, 1978). Chang (1975) subdivided the Gyeongsang Supergroup 
into three tectonic subdivisions; namely the Nagdong Trough, the 
Silla Sutr-basin, and the Yeongyang Sub-basin.
b . Paleogene Rift Phase
The Paleogene Rift phase was initiated by subsidence of an axial 
rift accompanied by extensive down-faulting which corresponded to 
a widening of the rift zone with volcanic activity in the Late 
Cretaceous-Early Paleogene. The NNE-SSW structural trends in the 
southeastern part of Gyeongsang Basin were formed by movement of 
the Late Cretaceous Bulgugsa plutonic intrusion (Kang, 1981). 
This phase of deposition was controlled by block faulting regions 
along a NNE-SSW trend and rapid subsidence. Alluvial, fluvial 
and lacustrine environments prevailed during the early phases of 
sedimentation. Chough (1983) reported that the Heugsan Platform
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was covered with thin deformed Paleogene sediments which 
unconformably overlie Neogene sediments. Paleogene sediments are 
absent in the onshore Gyeongsang Basin.
c. Second Paleogene Rift Phase
The Korean South Sea rifting probably occurred because of 
subsidence of the axial rift through the Eocene to Oligocene. 
Numerous near vertical faults and anticlines,mainly formed from 
down war ping (KlER?l9£>6̂  trend subparallel to the regional NE-SW 
structural trend in the Taiwan Basin and Tsushima Basin. Some 
anticlines converge with the Taiwan Sinzi Folded zone (KIER, 
1980, 1982). This uplift phase may be less significant in
marginal basins, however the Taiwan-Sinzi Folded Zone has been 
delineated by interpretation of seismic profiles (Wageman et al., 
1970; KIER, 1980, 1982). Subsidence and deposition were rapid at 
the beginning stages. Marine transgression occurred from the 
Oligocene in the southernmost zones of the Korean South Sea. 
Coal-bearing sediments and carbonaceous shales were deposited in 
alluvial-lacustrine, fluvio-deltaic and marginal marine cycles 
during the South Sea-Floor spreading phases.
d. Neogene Rift Phase
Uplift of the Ryukyu foldbelt, mostly comprising Mesozoic 
extrusive volcanic rocks and Paleogene sediments, occurred mostly
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during the Late Miocene-Pliocene. This uplift was caused by 
underthrusting of the Pacific crust under the Eurasian 
continental plate (Emery, 1983). The Okinawa Trough bounded by 
the Ryukyu folded zone has suffered crustal thinning, normal 
fault and fault block rotation, rifting and crustal separation 
with associated magmatic intrusions (Lee et al., 1980). The 
Okinawa Trough has a high average heat flow (Yasui et al., 1970), 
and high rate of sedimentation (Lee et al., 1980). A thin crust 
underlies the trough and fine grained sediments are the dominant 
rocks contained within the trough (Emery et al., 1969). A 
tectonic event involving compressional shearing and thrust 
faulting increased the amplitude of the anticlinal structures of 
the Korean Continental Shelf at the end of the Miocene (Li,
1984). Marine transgression occurred over the southeastern coast 
of the Gyeongsang Basin and over all of the offshore areas of the 
Korean peninsula during the end of this phase. Subsidence and 
sedimentation in the Korean onshore areas proximal to the sea 
were slower than that of the Okinawa Trough. The Okinawa Trough 
continued its extensional processes. Deltaic, tidal, lagoonal 
and marine sediments (including shallow, deep marine fan, 
submarine slump and turbidite facies) were deposited in the 
offshore areas during this phase.
Formations in the Gyeongsang Supergroup, the Taiwan and Tsushima basins and the
Okinawa Trough contain evidence for each drift phase.
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4.3 STRATIGRAPHY AND SEDIMENTATION
The sedimentary sequence of the Gyeongsang Basin and the Korean 
southern and southeastern Continental Shelf areas is Mesozoic to 
Cenozoic in age. The stratigraphy of the offshore areas has not 
been correlated to that of the onshore areas. In the present 
study, division of the lithostratigraphic sequences in the 
Gyeongsang Basin follows the schemes proposed by Chang (1975), 
Reedman and Urn (1975), Shibata et al. (1977), Son et al. (1980) 
and Um et al. (1983). Cenozoic sequences of the various other 
areas follows the schemes proposed for Pohang-Janggi (Reedman and 
Um, 1975), Taiwan (Yen, 1975), Tsushima strait and Western Kyushu 
(Inoue, 1982) and the continental shelf (Kim et al., 1986) (see 
Figure 4.6).
a . Precambrian Rocks
The Precambrian basement rocks outcrop around the Yeongnam 
Massifs. These rocks consist of gneiss and schist complexes of 
Archaeozoic to Middle Proterozoic age.
b. Gyeongsang Supergroup
The Gyeongsang Supergroup comprises Cretaceous sedimentary 
rocks. Chang (1975) introduced the term Gyeongsang Supergroup to 
refer to the Cretaceous section distributed within the Gyeongsang
Figure 4.6 Stratigraphic correlation of the Mesozoic-Cenozoic sequences in Gyeongsang Basin, 
Korean Continental shelves and adjacent area.
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Basin. This section was previously known as Nagdong and Silla 
Series. The Gyeongsang Supergroup strata have been penetrated by 
wells in the Pohang area (Han et al., 1986), the West Sea area 
(Frasier et al., 1976) and in the South Sea area (Kim and Jang, 
1981). The Supergroup is distributed throughout northern Kyushu 
and the Western part of Yamaguchi Prefecture in Japan (Inoue, 
1983).
The Gyeongsang Supergroup is a terrestrial sedimentary sequence, 
consisting predominantly of volcanic-derived and non—volcanic
derived clastic rocks (Chang, 1974, 1975; Urn et__al., 1983).
These sediments were deposited during the Jurassic—Early 
Cretaceous Rift and Drift phases during which rapid deposition 
occurred in alluvial fan, flood plain and lacustrine environ­
ments. Some thin coal beds are present in this sequence. The 
Gyeongsang Supergroup has been subdivided into the Yucheon Group, 
Hayang Group (Cenomanian to Turonian; Yang, 1978) and Sindong 
Group (Neocomanian; IGCP/CPPP, 1977). Volcanic activity began 
during deposition of the Late Sindong Group (Urn et al., 1983) and 
became vigorous during deposition of the Yucheon Group (Chang, 
1975; Son et al., 1980). Intrusion of the Bulguksa granitic 
rocks occurred towards the end of the Cretaceous. These rocks 
consist of biotite-hornblende adamellite granite, tonalite, 
granodiorite and granite porphyry.
Fossils identified in the Gyeongsang Basin (normally in the
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Singdong Group) include vascular plants, freshwater molluscs, 
algae, estherians and land insects (Reedman and Um, 1975) .
Sedimentary structures identified in the Hayang Group include 
rain prints, suncracks, birdtracks, ripple marks and rare 
cross-bedding (Chang, 1967). A summary of the lithofacies and 
paleoenvironments of the Gyeongsang Supergroup is listed in Table 
4.1.
c. Paleogene Group
Paleogene Group strata are absent in the onshore Gyeongsang 
Basin. Meyerhoff and Willums (1976) indicated that the Paleogene 
strata constitute a minor part of the sequences of most eastern 
Asian basins. The Paleogene strata are, however, present in 
northern Kyushu of Japan (Inoue, 1982), Taiwan (Yen, 1975), Bohai 
Basin (Li, 1984), South Yellow Sea (Li, 1984), East China Sea 
(Li, 1984), Tsushima Basin (Minami, 1979) and South Sea of Korea
—_£i*> 1986). For the Gyeongsang Basin, Inoue (1982)
considered that Paleogene strata were eroded or that the strata 
were never deposited because of uplift of the Gyeongsang Basin 
^u^i^n§ the Late Cretaceous—Early Paleogene.
Table 4.1 Lithofacies and paleoenvironments of the Gyeonsang Basin 
(compiled from Reedman and Um, 1975)
Age Group Formation Thickness Lithofacies Paleoenvironments
Late Yucheon
Group
Volcanic
Complex
1200 m Welded tuff, tuffaceous sandstone, shale 
conglomerate, rare limestone
Fluvial to lacustrine
Jindong
Formation
3200 m Dark grey shale, sandstone, red beds, 
basic lavas and tuffs
Flood plain of river 
and lacustrine
Middle
Haman
Formation
1200 m Red and grey sandstone, red mudstone 
and shale. Basic and intermediate 
lavas in the basal part
Flood plain of river 
and lacustrine
Cretac­
eous
Hayang 
Group
Silla
Conglomerate
Formation
240 m Reddish polymictic conglomerate contain­
ing basaltic and andesitic clasts. 
Tuffaceous sandstone and shale
Fluvial
Chilgog
Formation
650 m Variegated red beds. Mudstone and 
sandstone.
Flood plain
Jinju
Formation
430 m Mainly grey sandstone and dark grey 
shale. Lenses of conglomerate and 
marl. Thin coal seams. Plant fossils
Stagnant water within 
flood plain
Early Singdong
Group
Hasandong
Formation
900 m Reddish conglomerate, sandstone, and 
mudstone. Red and green shale.
Flood plain and channel
Nagdong
Formation
2100 m Conglomerate, sandstone and mudstone. 
Coaly shales, Boulder deposits at the 
base. Abundant plant and nonmarine 
molluscan fossils.
Channel and levee
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d . Neogene Group
Neogene Group strata comprise marine to nonmarine clastic rocks 
having a maximum thickness of 5 km. These are distributed over 
the Korean Continental shelf, Gyeongsang Basin, Taiwan and Japan.
In the vicinity of Pohang, the Neogene Group have been subdivided 
into the Yangbuk Group (Late Oligocene to Early Miocene) and the 
Yeonil Group (Early Miocene to Pliocene) (Urn, 1965; Kim, 1970, 
1975; Yoon, 1975; Reedman and Urn, 1975; Chun, 1982). The Yeonil 
Group is normally assumed to lie directly above the nonmarine 
Yangbuk group, but these groups are rarely found in contact with 
each other (Kim, 1970, 1975; Reedman and Urn, 1975). A summary of 
lithofacies and paleoenvironments of the Pohang Neogene strata is 
illustrated in Table 4.2.
Neogene strata of the Northern Kyushu and Western Kyushu areas 
comprise the Sasebo, Ainoura and Ashiya Groups (Shibata et al., 
1977; Inoue, 1982). The Miaoli, Shnhsia, Shihchin and Aoti 
Groups are the Neogene strata in Taiwan.
e• Pliocene-Pleistocene Group
Pliocene-Pleistocene Group strata outcrop at Seongsanpo and 
oosann of Jaeju Island. The strata are distributed over the 
Korean continental shelves and have a maximum thickness of 1 km.
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Table 4.2 LJthofacIes and pa Ieoenv1ronmen+s of Pohang area 
(compiled from Reedman and Urn, 1975)
Age Group Formation Th Ickness LIthofacIes Pa 1eoenvIronment
PIlocene Yeonam Fm. 
(Oomogdong)
50 m Mudstone, sandstone and 
laminated shale
Marine (Yoon, 1975)
Late
Miocene
Duho Fm. 
(Pohang)
200 m Whlte/brown mudstone, 
shale and sandstone
Marine (Yoon, 1975)
Mid
Miocene
Q.3
Eedong Fm. 150 m Alternation of brown 
sandstone, shale and 
shale with conglomerate
Marine (Yoon, 1975)
l­o
c
o<D
Hunghae Fm. 
(Daegog )
1 80 m Whitish mudstone at base; 
mudstone, shale, sandstone 
and conglomerate layers 
above
Marine (Yoon, 1 975)
>- Hagrlm Fm.
(Songhagdong )
1 80 m Light brown sandstone, 
mudstone, conglomerate
Shallow embayment; 
mar Ine
Ear 1 y 
Miocene
Cheonbug Con- 
g 1omerate 
(Seoam)
250 m Conglomerate with sand­
stone and shale. Lignite 
present
Sha1 low brack Ish- 
marlne. Piedmont 
deposIt
Unconform Ity
BeomgognI Fm. 1 000 m Andesite, andesitic tuff, 
sandstone, shale and thick 
cong1omerate
DIscon form Ity
Segyedong Fm. 580 m Upper basaltic tuff member. 
Adesltlc tuff member 
Upper coal-bearing member 
Lower basaltic tuff member 
Lower coal-bearing member
Lacustrine, swamp 
and brackish (Kim 
et al., 1975)
Gr
ou
p
Geumkwangdong 
Shale
40 m Reddish brown laminated 
shale
Ya
ng
bu
k Nuldaerl Tuff Andesite, trachyte and 
trachytlc tuff with sand­
stone, shale, lignite and 
con g 1omerate
?0IIgocene JanggI Co n - 
g 1omerate
700 im Alterations of conglomer­
ate and sandstone with 
minor shale, tuff and 
Intercalations of lignite.
Unconform Ity
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4.4 SOUTHERN AND SOUTHEASTERN KOREAN CONTINENTAL SHELVES
The southern and southeastern Korean Continental shelves are 
located beneath the Korea Strait and south Sea of Korea. It 
covers an area of over 150,000 km2 and includes petroleum 
concession blocks 4, 5 and 6 and Korea-Japan Joint Development 
Zone 7. Numerous, thick, Tertiary sedimentary strata occur in 
the shelves. These areas are the most favourable for future oil 
prospecting.
Major structures and sediment thicknesses for the shelves are 
shown in Figures 4.7 and 4.8. These sedimentary strata were 
formed mostly in epicontinental rift depressions by crustal 
extension and block faulting. These movements took place along 
normal faults oriented in a Sinian direction trending NE to SW. 
The faults are progressively younger from NE to SW. For the 
present study four representative exploratory boreholes are 
selected. These are Dolgorae-A (Dolphin-A), Sora-1 (Shell-1), 
Domi-1 (Bream-1) and JDZ-VII-1.
The Dolgorae-A well is located in the northern part of oil 
concession Block VI where it lies in the Korean territory of the 
northwesternmost margin of the Tsushima Basin. The Domi-1 and 
Sora-1 wells are situated in the southwestern portion of the 
Block VI. The JDZ-VII-1 is located in the southwesternmost 
margin of subzone 7 of the Korean oil concession Block VII which 
lies in the Taiwan Basin and the Okinawa trough. Drilling well 
sites and statistics are given in Table 4.3.
I l l
Figure 4.7 Major structures and sediment thickness in the southern 
and southeastern Korean Continental shelves (compiled 
from Fisher and Yenne, 1980; Park, 1984).
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Figure 4.8 Interpreted seismic profiles that cross the southern offshore 
of Korea. Profiles have northwest-southeast trends. Vertical 
scale is seconds of two-way travel time (from Park, 1984).
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Table 4.3 Drilling well sites and statistics 
for the present study
Latitude & Total Completed
Well Longitude Depth (m) Period Result
Dolgorae-A 35° 28’ 05" 
130° 18’ 35"
4262 12.72 -
Sora-1 33° 45’ 07" 3167 7.75 No commercial
128° 10' 46" — oil and gas
Domi-1 33° 14’ 07" 
127° 49’ 34"
3212 6.75
discovery
JDZ-VII-1 30° 20' 25" 
126° 11’ 22"
4486 10.80 -
Detailed subsurface structure of strata intersection by the wells 
(from the seismic profiles) are shown in Figure 4.9.
The wells penetrated Quaternary to Neogene sediments and did not 
reach basement rocks. Lithostratigraphic features and
depositonal environments for the strata intersected are 
summarized in Figure 4.10.
The sedimentary strata of Block VI and subzone 7 of Block VII 
consist mostly of Neogene sediments. Three different geological
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A. D o lg o r a e - A ,  U p p e r  M io c e n e  t o p s
Figure 4.9a Subsurface structure of lie UfperttM, near Dolgorae-A 
(Upper Miocene) (from KIER report, 1982).
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B. J D Z -V II -1 ,  U pper N e o g e n e + O ^ S
contour \n+etv&.\- 0.025 secs (be\o>wse& le\/eV)
Figure 4.9b Subsurface s true tu re ofthe’Uppsr unit near JDZ-VII-1 
(Upper Neogene) (from KIER report, 1980).
116
C. S o ra -1 , M idd le  M iocene  tops
Figure 4.9c Subsurface structureofthelowerUml near Sora-1 
(Middle Miocene) (from KIER report, 1982) .
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corstoa\rin1eirva\- inott. [below sea. \e\jevi
D. D o m i-1 , M idd le  M io ce ne  t o p s
Figure 4.9d Subsurface struetureofiteldwerunit near Domi-1 
(Middle Miocene) (from KIER report, 1982).
JD  Z —V  II—1 D o m i - 1 S o r a - 1 D o l g o r a e - A
1984; Chun et al . . 1986).
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sequences have been observed by examination of both geophysical 
and drilling data in the area (KIER, 1980, 1982).
a. Lower Neogene strata (Oligocene to Early Miocene)
The Lower Neogene horizon has been delineated by seismic 
reflection tests at depths of 2630 m in Domi-1 and 1368 m in 
Sora-1 (Park, 1984)• This horizon is considered to be a basal 
unit of the Neogene sequence in the area. This strata consist of 
poorly sorted conglomerates (brown to red), pebbly sandstone, 
alternations of carbonaceous siltstone and sandstone and thin 
coal seams. These strata were deposited in an alluvial fan 
environment producing sediments up to 0.7-1.8 km thick. The 
strata probably were deposited at the horst and graben structures 
which are associated with the second South Sea Rifting and 
Drifting. Syndepositional growth faults probably continued to 
develop and terrestrial sediments were deposited in the grabens. 
Subsidence and deposition were initially rapid. The burial 
gradients in this phase could be over 100 m/Ma and up to 
220 m/Ma. Park (1984) correlated this strata to the Yangbuk 
Group of Pohang area.
b. Middle Neogene Strata (Middle Miocene to Upper Miocene)
The Middle Neogene strata intersected by the wells studied have 
thicknesses oi 1 km-3.6 km. This succession consists of locally 
fossiliferous claystones, siltstones, shales, massive to thin
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bedded lithic sandstones, tuffaceous sandstones and coal beds in 
Domi-1, Sora-1 and JDZ-VII-1 wells. The strata intersected in 
Dolgorae-A consist of turbiditic sandstones, siltstones, 
claystones and dark grey shales. A progradational fluvio-deltaic 
to neritic-slope sequence developed during this phase. Park 
(1984) considered that a number of faults trending NE-SW 
direction occurred by a local extensional force at the end of the 
Upper Miocene, and the depocenter of sedimentation shifted 
towards the northwest and southwest due to the gradual uplift of 
the basement in the area. A regional unconformity is observed in 
Sora-1 (at 500 m), Domi-1 (at 1000 m) and JDZ-VII-1 (at 1135 m) • 
The compression and faulting produced local folding structures in 
the area. Thin coal bearing sediment was intersected in all 
wells except Dolgorae-A.
c . Upper Neogene Strata (Pliocene - Recent)
The Upper Neogene strata is represented in the overall area. It 
is up to 0.4 km-1.1 km thick. This strata consists of dark grey 
silty claystones and fossiliferous, tuffaceous sandstones. The 
strata are separated by an unconformity from the underlying 
Middle Neogene strata. Park (1984) considered that a shallow 
marine environment was formed by transgression during the Early
Pliocene.
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4.5 TERTIARY STRATA OF THE POHANG AREA
The Tertiary strata of the Pohang area are located at the 
southeastern corner of the Korean peninsula, between the eastern 
Yeongi1-gun and eastern Weolseong-gun. The Tertiary strata 
outcrop on the shore of the East Sea and are surrounded by 
volcanic, plutonic and sedimentary rocks of the Gyeongsang 
Supergroup (Figure 4.11). In the vicinity of Pohang, the 
Miocene sediments are up to 0.9 km thick (Park, 1984; Han et al., 
1986). The strata were deposited in uneven graben-type 
depressions (Reedman and Urn, 1975; Yoon, 1975; Han et al., 1986).
The strata have been explored for hydrocarbons since 1964, but 
significant hydrocarbon deposits have not been encountered. 
Eight boreholes from a total of eighteen were selected for the 
present study. Lithostratigraphic features of the strata within 
these wells are summarized in Figures 4.12 and 4.13. The upper 
part of the Yeonil Group consists mostly of sandstone and 
mudstone. The mudstones contain foraminiferas, diatoms, molluscs 
and phytoclasts. The depositional environment of these strata 
range from shallow marine (Reedman and Um, 1975) to submarine fan 
(Han et al., 1986) and deep marine (Yoon, 1975). The water was 
probably temperate to cool (Yoo, 1970; Yoon, 1975). Kim (1965) 
reported that the Yeonil Group ranges from the Burdigalian (Lower 
Miocene) through Samartian to Pliocene. From the occurrence of
1 2 2
Figure 4.11 Location map of the exploration boreholes in the 
vicinity of Pohang.
TD 2 7 0 8 m
TD 3 0 0 0 . 3 m
Figure 4.12 Lithostratigraphy of strata in the vicinity of Pohang
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Figure 4.13 A generalized stratigraphic column of 
area (from Han et al., 1986; modified
the Pohang 
from Yu, 1985).
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foraminifers of both benthonic and planktonic types together with 
radiolaria, Kim (1965) defined three biostratigraphic assemblage 
zones; namely the Radiolaria, Turborotalia bykovae and
Turborotalia sccitnla zones. The lower part is composed of 
alluvial fan deposits and deltaic sediments including pebbly 
sandstones, conglomerates, mudstones and thin coal beds. Han et 
al» (1986) correlated thick conglomerate (150-200 m) in the B.E. 
and DS-3 wells (671.9 m-875 m depth in B well) to the lowermost 
part of Cheonbug Conglomerate. The Yangbuk Group was not 
identified by Han et al. (1986) in the wells drilled in the 
Pohang Basin. The Cretaceous volcanic rocks probably correlate 
with the Yuchon Group which consists mainly of andesitic and 
rhyolitic lavas and tuff interbedded with black to red shale, 
sandstone and conglomerate. These Cretaceous sediments contain 
hard shale and low—porosity sandstone. The basement comprises 
granitic rocks of unknown age.
4.6 CRETACEOUS STRATA OF THE HAENAM AREA
The Cretaceous sedimentary strata of the Haenam area are located 
at the southwestern coast of the Korean Peninsula (Figure 4.14). 
The isolated sedimentary strata, occurring within the Mesozoic 
volcanic and plutonic rocks are correlated to the Yucheon Group 
(Upper Cretaceous Gyeongsang volcanic Group) in the Gyeongsang 
Basin (Son et al., 1980) .They consist of a maximum of 500 m of
Figure 4.14 Location map of the wells in the Haenam area showing distribution
of Uhangri Member.
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Cretaceous sediments and covers an area of approximately 90 km2, 
Natural semi-solid bitumen occurs within a black shale/tuff 
member which is exposed for about 10 km along the northern coast 
of Hwangsan-myeon in Haenam.
The stratigraphic units of the area are divided into the basement 
(Jurassic schistose granite and metamorphic complex of unknown 
age) , Late Cretaceous Gyeongsang sedimentary Group, Late 
Cretaceous Bulgugsa igneous rocks and Quaternary alluvium (Figure 
4.15). The Late Cretaceous Gyeongsang Group overlies the 
basement rocks with a low angle unconformity and is separated 
into two formations:' intermediate volcanic rocks and felsic 
volcanic rocks. The lower intermediate volcanic formation 
consists of interbedded andesitic—rhyolitic tuff and volcanic 
conglomerates. The Upper Formation comprises three members: a 
black shale/tuff (termed Uhangri member), a felsic volcaniclastic 
member and a rhyolite member. The semi-solid bitumen normally 
occurs in th.e Uhangri member as veins in fractures as calcite or 
quartz. Detailed geology of the Haenam area was discussed by Lee 
(1964), Lee and Lee (1976) and Son et al. (1980).
The Uhangri shale/tuff member was deposited in a Late Cretaceous 
volcanic depression-lake system (Son et al., 1980) and has been 
subdivided into three major depositional facies. These fluvial- 
lacustrine (lower part) , lacustrine (middle part) and laeustrine^- 
eolian (Upper part) (Figure 4.16). The bitumen-containing member
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Figure 4.15 Geology of the Haenam area (after Son et al., 1980)
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Figure 4.16 Sedimentary facies of Uhangri Member sediments in
Haenam area (from Son etal., 1980].
1
2
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is exposed in the Byeongonri, Uhangri and Sinseongri areas where 
it has a maximum thickness of 90 m.
Two boreholes (Uhangri-1, Sinseongri-1) penetrate up to 300 m of 
the Uhangri member (Figure 4.17).
Sedimentary structures within the Uhangri member include slump 
structures, cross-bedding, volcanic mud flows, current ripple 
marks, volcanic ball-pillow structures and convoluted chert 
structures. Ostracodes and phytoclasts are the most common 
fossils in the member (Lee and Lee, 1976) and occur dominantly in 
the strata where semi-solid bitumen is common. Lee and Lee 
(1976) identified the ostracodes as Lycopterocypris, 
Mongolianella, Bythocypris, Cyprides, Bairdoppilata, Clinocypris.
Figure 4.17 Stratigraphie correlation in 
of the Haenam area (modified
Hwangsan northern area 
from Son et al., 1980).
volcanic 
form
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CHAPTER FIVE
HYDROCARBON GENERATION POTENTIAL AND 
OCCURRENCE OF GIPPSLAND BASIN, AUSTRALIA
5.1 INTRODUCTION
The Gippsland Basin in the South East of Australia is reported to 
contain three billion barrels of recoverable oil, 762 million 
barrels of natural gas liquids and 7.8 tcf of gas (Thomas, 
1982). The Tertiary/Cretaceous Latrobe Group has been considered 
to be both the source and the reservoir for major hydrocarbon 
occurrences (Threlfall et al., 1976; Saxby, 1978; Shibaoka _et 
al., 1978; Kantsler et al., 1978a; Burns et al., 1984; Smith and 
Cook, 1984). This sequence contains abundant terrestrial land 
plant remains preserved as coals and carbonaceous shales. Algal 
remains are rare. The sediments were deposited in a range of 
environments from fluvial—lacustrine to deltaic~coastal plain. 
The overlying marine Lakes Entrance Formation and interbedded 
marine Gurnard, Turrum and Flounder Formations were suggested as 
source beds when the oil was discovered in the Gippsland Basin 
(Wales, 1969). However, some workers (e.g., Brooks and Smith, 
1969; Kantsler et al., 1980; Thomas, 1982; Philp et al., 1983; 
Stainforth, 1984; Smith and Cook, 1984; Shanmugam, 1985; Kim and 
Cook, 1986) considered that the paraffinic Gippsland Basin oils
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were generated from the terrestrially-sourced organic matter 
present in sediments of the Upper Cretaceous-Lower Tertiary 
section of the Latrobe Group coal measures • The occurrence of 
oil in the non-marine Latrobe Group brought a major interest in 
the possibilities of terrestrial oil.
Recently, Durand and Paratte (1983), using data from Kalimantan, 
proposed that even coals have good potential for oil generation 
and can have a high expulsion efficiency. Cook and Struckmeyer 
(1986) have suggested that coal may be characterized by efficient 
expulsion of early generated hydrocarbons and that a relationship 
can be demonstrated between the termination of the major phase of 
water loss from vitnnite and the development of secondary 
bitumen—related fluorescence in vitrinite,
Tuna, Halibut and Kingfish are among the principal oil and gas 
producing fields in the offshore part of the Central Deep of the 
Gippsland Basin (Figure 5.1) and are associated with coal-bearing 
sequences. The laterally equivalent, but younger, Latrobe Valley 
sequences contain major brown coal deposits in the onshore 
Gippsland Basin. However, case histories of comparisons of 
organic petrological and geochemical methods used in oil 
generative evalutaion in gas/oil provinces are rare.
This study attempts to further define the characteristic source 
rocks and to give a correlation of oil—source rocks in the basin
Figure 5.1 Location map of onshore and offshore Gippsland Basin.
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using several organic petrological and chemical techniques. A 
suite of oils, coals and sediments was collected from the basin 
to assess the roles of organic matter from terrestrially-sourced 
dispersed organic matter (DOM) as opposed to that occurring as 
coal seams in relation to the generation, expulsion and migration 
of hydrocarbons. This study also describes the character of the 
quantity, type and maturation of organic matter of the strata 
intersected in Tuna No.l and Kingfish No. 7 and explores the 
relationship of these properties to oil and organic extract 
chemistry.
5.2 ORGANIC PETROLOGICAL COMPOSITION
Organic matter facies of the Latrobe Group in the Gippsland Basin 
have been divided into four different groups by Smith and Cook 
(1984). The facies recognized are:
a. Lower Eastern View-A facies (Cretaceous to Paleocene)
b. Lower Eastern View-B facies (Paleocene to Early Eocene)
c. Upper Eastern View facies (Middle and Late Eocene)
d. Latrobe Valley facies (Middle Eocene to Miocene).
Smith and Cook discussed the climatological and sedimentological 
causes of the development of these facies. The classification of 
organic matter in the present study follows that of Smith and 
Cook (1984) for the Latrobe Group, but also includes an 
additional Lakes Entrance Formation/Gippsland Limestone facies
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(Oligocene to Miocene) which overlies the Latrobe Group as shown 
in Figure 5.2. Abundances and composition of dispersed organic 
matter (DOM) and coals in the cuttings samples of Tuna No.l, 
Kingfish No.7 and Latrobe Valley coals are given in Tables 5.1 to 
5.3, and Figures 5.3 and 5.4.
5.2a Lower Eastern View-A facies (Cretaceous to Paleocene)
Fifteen samples from Tuna No.l belong to the Lower Eastern View-A 
facies; no samples from Kingfish No.7 belong to- this facies. 
Coal seams of varying thickness occur at depths ranging from 
2048.3 m to 3255.3 m in the Tuna No.l section.
DOM content varies between 0.5% and 14.1% in coaly shales, 
shales, siltstones, carbonates and sandstones of the section 
studied. High proportions of DOM (14.1%) occur in coaly shales, 
but are present in medium amounts in shale -and carbonate. 
Vitrinite is commonly the dominant maceral in DOM in this facies 
(19%-64%). Liptinite ranges from 5% to 53% and inertinite ranges 
from 6% to 55%. No significant systematic variation of the type 
of DOM occurs with depth. Shales and sandstones which have small 
to medium amounts of DOM tend to be richer in inertinite. 
Vitrinite is present as telovitrinite and is commonly associated 
with cutmite and resinite. Detrovitrinite-like organic matter 
commonly shows dull orange to brown fluorescence and is presumed 
to have source potential for liquids (Kantsler and Cook, 1980).
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Table 5.1 Abundance and type of organic matter in Uma Nd.1
Sanple
No.
Depth
(m)
Volune % 
of DOM
Composition % 
of DOM 
V-I-L
\folune % 
of coal
Composition % 
of coal 
V-I-L
Organic matter 
facies
20481 896 <1 33-0-67 rare 1 Lakes Entrance20482 1204 2.0 50-0-50 rare -  J Formation
20483 1338 <0.5 - rare Upper Eastern20484 1402 2.0 25-0-75 rare - J View
20485 1554.5 2.0 33-17-50 rare
20486 1652 17.0 19-3-78 8.1 59-22-1920487 1862.3 4.3 29-17-54 1.5 83-16-1 _ Lower Eastern20488 1959.9 9.5 47-6-47 11.5 78-19-3 View-B20489 2002.5 6.4 22-8-70 1.6 45-11-44 J
20490 2036 3.1 53-6-41 1.8 80-18-2 -j20491 2164 <0.5 - <0.5 _
20492 2316.4 <0.5 — <0.5
20493 2465.8 8.6 25-27-48 <0.5 —
20517 2557.3 3.9 55-23-22 <1.1 50-33-1720494 2594 14.1 42-6-52 <1.5 100-0-0
20495 2758.3 7.6 29-24-47 <1.6 100-0-0 Lcwer Eastern20496 2859 7.4 39-38-23 rare — View-A20497 2996.1 11.0 42-30-28 3.1 87-2-1220498 3109 3.1 19-50-31 <1.0 _
20499 3241.5 2.0 64-9-27 <1.0 _
20500 3421.8 2.0 36-55-9 <1.0 —
20501 3560 3.0 19-50-31 <0.5 —
20502 3639.3 4.6 33-54-13 rare —  —1
Note: (1) Abundance terms: rare, <0.1%; sparse, 0.1%—0.5%; common, 0.5%-2.0%
(2) These levels of volunetric abundance were visually estimated
(3) V, vitrinite; I, inertinite; L, liptinite
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Table 5.2 Abundance and type of organic matter in Kingfish No.7
Sample
No.
Depth
(m)
Volune ( % ) 
of DOM
Composition (%) 
of DOM 
V-I-L
Volune( % ) 
of coal
Composition( % ) 
of coal 
V-I-L
Organic matter 
facies
20510 1716 <0.5 48-14-38 rare _ * Lakes Entrance
20511 1920.2 rare - rare - Lbrmation
20512 2115.3 rare — rare —  -
20513 2212.8 <0.5 58-34-8 rare —  -
20513-1 2256 <0.5 79-7-14 rare -
20514 2289 <0.5 90-0-10 rare - Lower Eastern
20515 2371.3 2.4 62-15-23 2.9 50-25-25 View-B
20515-1 2390.2 2.4 59-15-26 6.8 42-25-33
20516 2408 2.0 65-5-30 rare — ■
20516-1 2415.6 2.0 53-14-33 rare
Kbte: (1) Abundance terms: rare, <0.1%; sparse, 0.12-0.5%; cannon, 0.5%-2.0%
(2) These levels of volunetric abundance were visually estimated
(3) V, vitrinite; I, inertinite; L, liptinite
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Table 5.3 Abundance and type of organic matter 
and rank of coals in GLppsland Basin
Lithotype iynax
(%)
Volune of 
organic 
matter 
(%)
Composition of 
organic matter 
V-I-L 
(%)
Organic matter 
Facies
Yalloum, Resin _ 100 0-0-100“
Yalloum-A, 0/C medium dark 0.30 100 95-1-4
Yalloum-B, 0/C pale 0.20 100 77-2-21 LatrobeYalloum M>rth, 0/ C medi un light 0.32 99.6 88-3-9 ValleyLoy-Yang, 0/C mediun light 0.30 99.6 91-1-8
torwell-A, 0/C mediun light 0.30 99.7 94-1-5
iforwell-B, 0/C pale 0.24 99 77-5-18_
Una-1, 1652 m shaly coal 0.37 61.9 69-2-29 LEV-B
Tuna-1, 2996.1 m shaly coal 0.80 87.2 82-1-17 LEV-A
Note: (1) 0/C, open cut
(2) LEV-B, Leaver Eastern View-B
(3) LEV-A, Lower Eastern View-A
L A T R O B E
------~ Latrobe
Valley Facies
Upper Eastern 
View Facies
% * Lower Eastern
« , View B Facies
Lower Eastern 
,'VÌ:Vv̂ ’; View A Facies
Gippsland limestone/ 
Lakes Entrtrance FM. 
Facies
Figure 5.2 Approximate subsurface distribution of the organic matter types 
in Gippsland Basin (A-A' section in Figure 5.1, modified from 
Smith and Cook, 1984).
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Liptinite comprises sporinite, cutinite, liptodetrinite, 
suberinite and lamalginite. Inertodetrinite commonly occurs 
between quartz grains along with vitrinite and liptinite. 
Semifusinite and inertodetrinite are the most common forms of 
inertinite and are commonly associated with resinite and 
liptodetrinite. Carbonates show strong fluorescence in the deep 
horizons.
Five coal cuttings samples from Tuna No.l contain vitrinite—rich 
organic matter (50%-100%), but inertinite and liptinite are also 
present. Vitrinite commonly contains resinite, sporinite and 
suberinite which has weak fluorescence. Vitrite, duroclarite and 
clarite are present in this facies.
5.2b Lower Eastern View-B facies (Paleocene to Early Eocene)
Seven cuttings samples from Kingfish No.7 and five samples from 
Tuna No.l are referable to the Lower Eastern View-B facies. Oil 
reservoir units of both wells also occur within this facies. 
Normally a high proportion of organic matter in this facies 
occurs as coal seams.
Silty sandstones and carbonaceous shales are the dominant 
lithologies. DOM of the facies in these rocks ranges from 0.5 to
17.8%. DOM contents are restricted to the carbonaceous mudstones
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and shales accompanying the coals. Some carbonate occurs within 
fine sandstone and has an orange fluorescence. Some quartz 
grains in the sandstone have a diffuse yellow fluorescence along 
grain boundaries. DOM comprises 19—90% vitrinite, 8%—78% 
liptinite and trace-17% inertinite. This facies is characterized 
by high liptinite contents. Vitrinite is common in all 
lithologies as fragments, laminae, lenses and thin stringers. 
Vitrinite layers are commonly impregnated by resinite and 
associated with suberinite. Some vitrinite is associated with 
cutinite; cutinite is the most common liptinite maceral in this 
facies. Liptinite comprises cutinite, resinite, liptodetrinite, 
sporinite, suberinite and fluorinite. Inertinite is rare (upper 
part of the section) to common (lower part of the section). It 
occurs as inertodetrinite, lenses and stringers of semifusinite 
and as fusinite.
Coal layers of varying thickness occur within the 1584.9 m to 
2020.8 m interval of Tuna No.l and within the 2366.8 m to 
2377.4 m interval of Kingfish No.7. Three samples from Tuna No.l 
show that coals comprise major vitrinite 59%-83%) with 
subordinate inertinite (17%-22%) and liptinite (trace-20%). Two 
coal cuttings samples from Kingfish No. 7 are composed of 
vitrinite (42%-50%), liptinite (25%-33%) and inertinite (25%). 
Coals are characterized by abundant inertinite. The microlitho­
types present are vitrite, duroclarite and clarite. Vitrite 
layers consist of telovitrinite with lesser amounts of
14 5
detrovitrinite and gelovitrinite. Clarite layers consist of 
detrovitrinite and telovitrinite with sporinite, fluorinite, 
liptodetrinite, resinite and suberinite. Duroclarite layers 
consist of detrovitrinite, telovitrinite, semifusinite, resinite, 
fusinite, sporinite, liptodetrinite, cutinite and exsudatinite. 
Exsudatinite is a secondary maceral and in the samples studied is 
commonly derived from resinite. Minor sclerotinite and micrinite 
commonly occur within vitrinite layers. Fractures of vitrinite 
commonly emit green fluorescing oil cuts and oil stain which is 
presumed to have developed during the grinding/polishing 
procedure.
5.2c Upper Eastern View Facies (Middle and Late Eocene)
The only cuttings sample examined from the Upper Eastern View 
facies (in Tuna No.l) is barren of organic matter. Smith and 
Cook (1984) reported that DOM is mainly vitrinite with minor 
liptinite, but significant amounts of inertinite are typical.
Coals consist of relatively thick layers of poorly banded 
telovitrinite, detrovitrinite, minor liptinite and inertinite. A 
detrovitrinite groundmass generally comprises over 50 per cent 
and tends to be less densely structured and more perhydrous than 
the detrovitrinite in the Lower Eastern View facies (Smith and 
Cook, 1984) .
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PLATE 1
Photomicrographs of DOM and Coals of the Gippsland Basin
1. WU20486, Tuna-1, 1652 m, Rvmax = 0.41%; field width =
0.28 mm, reflected white light. Sporinite-rich coal of the 
Lower Eastern-B facies. Sporinite (dull brown, elongate), 
inertodetrinite (white, angular particles), vitrinite (grey, 
lenses, particles) in vitrinertoliptite.
2. As for No.l, but in fluorescence mode. Sporinite (bright
yellow).
3. WU20497, Tuna-1, 299.6.1 m, Rvmax = 0.86%; field width =
0.28 mm, reflected white light. Inertinite-rich coal of the 
Lower Eastern-A facies. Semifusinite (white, angular and 
rounded with cell structures), vitrinite (grey),
inertodetrinite (high reflectance, small particles) and 
resinite (dull brown) in clarodurite.
4. As for No.3, but in fluorescence mode. Resinite (bright
yellow), liptodetrinite (yellow specks).
5. WU20488, Tuna-1r 1959.9 m, Rvmax = 0.52%; field width =
0.28 mm, reflected white light. Fluorinite in coal of the 
Lower Eastern-B facies. Vitrinite (grey, groundmass), 
inertodetrinite (highly reflecting specks), fluorinite
(dark) in duroclarite.
6. As for No.5, but in fluorescence mode. Fluorinite (large 
isolated masses, intense green to yellow).
7. WU20515, Kingfish-7, 2371.2 m, Rvmax = 0.48%; field width =
0.28 mm, reflected white light. Typical inertinite-rich
coal of the Lower Eastern View facies. Semifusinite,fusinite, 
resinite, vitrinite in duroclarite. 8
8. WU20515, Kingfish-7, 2371.2 m, Rvmax = 0.48%; field width =
0.18 mm, reflected white light. Micrinite (small rounded 
grain masses in upper part of photograph, high reflectance) 
in sharp contrast with telovitrinite and sporinite (black).
P1
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5.2d Latrobe Valley Facies (Middle Eocene to Miocene)
The coals consist of major vitrinite, intermediate amounts of 
liptinite and minor inertinite. Maceral composition of the coals 
varies according to lithotype. Pale lithotype coals have higher 
detrovitrinite and liptinite contents than light-dark 
lithotypes. Detrovitrinite groundmass constitutes more than 60% 
of the pale coals. Inertinite is generally a minor constituent, 
but sclerotinite commonly occurs in all lithotypes; fusinite is 
confined to the medium dark Yallourn-A coals. Sporinite, 
cutinite, resinite, fluorinite, suberinite and liptodetrinite are 
commonly present in all samples; suberinite and liptodetrinite 
predominate in the pale coals. '
5.2e Lakes Entrance Formation Facies (Oligocene to Miocene)
The Lakes Entrance Formation has rare organic matter which is 
mainly marine sourced. The dominant lithologies in the Lakes 
Entrance Formation facies are silty calcareous mudstones and 
marls. In the wells studied, organic matter in these rocks is 
absent to sparse. The organic matter consists of poorly 
preserved vitrinite and lamalginite derived from dinoflagellates/ 
acritarchs. Dinoflagellates mainly fluoresce green to yellow. 
Five of the cuttings samples studied contain minor coal fragments 
(possibly recirculated cuttings from earlier wells). Framboidal 
pyrite is common in the samples.
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5.3 DEPOSITIONS ENVIRONMENT
The major changes in the depositional environment, climate and 
vegetation history of south-east Australia including Gippsland 
Basin during the Cretaceous-Tertiary are discussed by many 
workers (Cookson, 1954; Partridge, 1976; Kemp, 1978; Smith, 1981; 
Stainforth, 1984; Smith and Cook, 1984; Bodard et al., 1985). 
Petrological studies of the four main organic facies provide 
further information on the sediraentology and paleobotany in the 
basin.
The Lower Eastern View facies was formed in the alluvial-fluvial 
to upper deltaic environments and associated with rapid 
sedimentation and subsidence. The Lower Eastern View type coals 
are thin (less than 10 m thick) and are characterized by abundant 
inertinite. The presence of relatively thin coals (cf. Latrobe 
Valley Facies) and alluvial-fluvial sandstones indicate 
relatively rapid sedimentary facies changes over small intervals 
of time in a tectonically unstable region. Smith (1981) 
considered that high rates of clastic transportation and 
deposition, and rapid and irregular subsidence lead to exposure, 
erosion and splitting or burial by clastic sedimentation of any 
developing peat. This can partly explain the abundant inertinite 
and organic matter barren in the the lower part of the Lower 
Eastern View facies. The deposition of the Lower Eastern View-A 
facies could be associated with cool-temperate and slightly wet
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conditions, but the Lower Eastern View-B facies could be the 
closest to tropical conditions (Partridge, 1976). The Early and 
Middle Paleocene forests were considered to represent 
cool-temperate rainforest assemblages with abundant and diverse 
gymnosperms (Smith, 1981). The Lower Paleocene and Early Eocene 
taxa were dominated by sub-tropical or tropical forms including 
Bombacea, Malvaceae, Cupaniae, Beuprea, Anacolesa and Nipa (Kemp, 
1978) . The high detrovitrinite content relative to telovitrinite 
indicates extensive degradation of humic matter and a high water 
table for the Lower Eastern View-B sequence. However, some of 
the inertinite rich bands developed during the drier periods in 
peat above the water table due to wet oxidation, and processes 
that would be promoted by the hot, humid conditions in which 
fungal and bacterial activity was prolific (Smith, 1982). The 
association of sclerotinite and vitrinite and/or other inertinite 
such as semifusinite and fusinite is common in the Lower Eastern 
View-B facies of Tuna-1 well.
The thick coal seams in the Latrobe Valley facies were associated 
with the development of mixed or sclerophyll forests, marshland 
vegetation and cool climatic conditions during the Oligocene and 
Miocene (Smith and Cook, 1984) in more tectonically stable 
regions. The coals at Yallourn, Morwell and Loy-Yang are mostly 
vitrinite-liptinite associations and contain high detrovitrinite 
to telovitrinite ratios. The depositional environment of the 
coals is consistent with slow accumulation in restricted ponds 
and lakes associated with peat swamps.
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Deposition of the marine Lakes Entrance Formation facies was 
probably associated with moderate-rapid sedimentation during low 
to high sea level condition. In the samples from Tuna-1 and 
Kingfish-7, alginite mostly comprises dinoflagellates/acritarchs 
and it constitutes up to 2% by volume. The occurrence of 
worldwide cooling since the Oligocene (Partridge, 1976) caused an 
influx of cooler oceanic waters in the basin.
5.4 COMPOSITION OF EXTRACTABLE ORGANIC MATTER
The chemical composition of ’soluble1 bitumens from selected 
cuttings samples and coals from Tuna No.l, Kingfish No. 7 and 
Latrobe Valley is given in Tables 5.4-5.5. Organic matter 
residues from solvent extraction showed unchanged fluorescence 
properties, but vitrinite reflectance was slightly to markedly 
lower after extraction (Rvmax 0.1%-0.2%) .
Bitumen extracts from the marine Lakes Entrance Formation facies 
are low as a percentage of the samples, but bitumen ratios are 
moderate. In contrast, the Latrobe Valley facies samples have 
high to extremely high extract yields with high bitumen ratios. 
These coals yield moderate amounts of saturated and aromatic 
hydrocarbons and the yield of aromatics is slightly higher than 
the yield of saturated hydrocarbons (Table 5.5). The soluble 
bitumen in the coals consists mostly of asphaltenes and polar
Table 5.4 Abundance and composition of extracts of source rocks in Gippsland Basin
Sample
No.
Depth
(m)
TOC
(%)
E0M
(ppm) SAT
E0M (%) 
AR0 POLS ASP
Bit. 
Ratio
Hyc.
Ratio SAT/ARO
Organic matter 
facies
Tuna No.l
20492 1204 0.29 351.6 9.6 6.6 22.9 60.9 121.2 19.6 1.5 Lakes Entrance Fm.
20484 1402 0.31 395.0 25.6 10.4 32.8 31.2 127.4 45.9 2.5 “I
20486 1652* 4.63 7425.0 9.8 10.7 17.4 62.1 160.3 32.9 0.9 Lower Eastern
20489 2002.5 2.04 2785.9 18.9 15.2 7.3 58.6 136.6 46.6 1.2 J View-B
20493 2465.8 4.06 2801.8 12.4 11.6 7.4 68.6 69.0 13.1 1,1 120517 2557.3 3.21 2457.7 8.7 5.9 5.8 79.6 76.6 10.0 1.0 Lower Eastern
20497 2996.1* 6.79 4398.2 8.9 9.9 5.9 75.3 64.8 12.2 0.9 View-A
20501 3560 1.38 890.8 16.7 9.8 9.8 63.7 64.5 12.7 1.7 J
Kingfish No.7
20511 1920.2 0.32 290.0 15.5 7.5 23.6 53.4 90.6 20.8 2.1 Lakes Entrance Fm.
20514 2289.2 0.26 449.4 9.6 6.2 18.9 65.3 172.8 27.3 1.5 -
20515 2371.3 4.34 6705.2 10.9 13.0 12.7 63.4 154.5 36.9 0.8 - Lower Eastern
20516 2408 0.36 547.6 21.1 13.7 16.7 48.5 152.1 52.9 1.5 - View-B
Notes: (1) Bit. Ratio: Bitumen ratio = EOM mg/TOCg
(2) Hyc. Ratio: Hydrocarbon ratio = Hydrocarbon mg/TOCg
(3) * = shaly coal
Table 5.5 Abundance and composition of extracts from éoals in Gippsland Basin
Sample
Number
Depth
(m)
TOC
(%)
EOM
(ppm) SAT
EOM (%) 
AR0 POLS ASP
Bit. 
Ratio
Hyc. 
Ratio SAT/ARO
Lithotype/ 
Organic matter 
facies
Latrobe Valley Coals
Yallourn-R 0/C 72.70 900,00 0.01 0.3 0.5 99.3 1238.0 3.5 0.04 resin
Morwell-A 0/C 56.10 46,780.9 1.2 1.3 2.1 95.4 83.4 2.1 0.9 medium light
Yallourn-N 0/C 56.80 69,575.2 2.0 11.2 11.1 75.7 122.5 16.2 0.2 medium light
Yallourn-Ak 0/C 55.90 64,505.1 2.0 2.4 5.4 90.2 115.4 9.0 0.8 medium dark
Loy-Yang 0/C 56.80 87,767.4 1.3 1.2 3.5 94.0 154.5 3.9 1.1 medium light
Morwell-B , 0/C 57.40 150,614.2 1.0 1.7 15.3 82.0 262.4 7.9 0.6 pale
Yallourn-B 0/C 63.40 174,790.6 1.7 6.2 8.8 83.3 275.7 21.8 0.3 pale
Coals from Tuna No .1
T-20486 1652 22.38 37,329.8 9.8 10.4 10.4 69.4 166.8 30.0 0.9 LEV-B
T-20497 2996.1 22.43 32,722.7 6.7 10.7 12.6 70.0 145.9 25.4 0.6 LEV-A
Notes : (1) Bit. Ratio: Bitumen ratio = EOM mg/TOCg
(2) Hyc. Ratio: Hydrocarbon ratio = Hydrocarbon mg/TOCg
(3) 0/C = open cut
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compounds. Allan et al. (1975), and Höllerbach and Hagemann 
(1981) reported that the soluble bitumen yield generally 
decreases with increasing rank. Leythaeuser and Welte (1968) 
indicated that the content of saturated hydrocarbons decreases 
and the content of aromatic hydrocarbons increases with 
increasing coalification while the contents of asphaltic 
compounds varies considerably without a consistent trend. Data 
presented here for six brown coal samples show that liptinite- 
rich, pale lithotype coals tend to have higher organic carbon 
contents, soluble bitumen contents and bitumen ratios than the 
vitrinite-rich coals. It is clear that the yield of bitumen from 
coals is strongly dependent on type at low levels of maturation.
Samples from coal beds intersected in Tuna-1 and Kingfish-7 have 
high bitumen ratios but hydrocarbon ratios are not markedly 
different from nearby samples.The samples from oil reservoir 
horizons do not have unusual hydrocarbon ratios - 1402 m 
(Tuna-1), 2002.5 m (Tuna-1) and 2289.2 m (Kingfish No.7). Their 
saturated hydrocarbon contents are not markedly above the values 
for non-reservoir horizons.
In the Lower Eastern View-A facies (Tuna-1 only), bitumen ratios 
are moderate and hydrocarbon ratios are low. Asphaltenes are 
major components of the bitumen, aoad the amount of polar 
compoundsdoes h o t / i n c r e a s i n g  rank. This behaviour may be 
due to migration of the lighter generated hydrocarbons leaving
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the source rocks preferentially enriched in the heavier
compounds, especially asphaltenes.
5.4a Distribution of Alkanes
Chromatograms of total alkane fractions from the four different 
organic matter facies are given in Figures 5.5 to 5.15. The 
quantitative distributions of n-alkanes, including some commonly 
used geochemical parameters, are given in Tables 5.6-5.7. The 
Lakes Entrance Fo rmat i on sample (20462)hasa. high content of medium 
molecular weight alkanes (n-C]^ to n—C19) . The contents of 
pristane and phytane are high relative to other alkanes.
The n-alkane distributions of the Latrobe Valley coals are 
characterized by long chain hydrocarbons with a strong odd carbon 
predominance in the high molecular weight n-alkanes (CPI =
2.6-7.2). The peak mode lies between n-C£9 and n-C33* The
content of n-C]^ to n-C20 is distinctly low and pristane and 
phytane contents are very low in the low rank coal extracts. It 
has been reported that pristane and phytane are formed from 
chlorophyll of plants, photosynthetic algae and from methanogenic 
bacterial membrane lipids (Eglinton and Murphy, 1969). Brooks et 
al. (1969) indicated phytane is a post-depositional geochemical 
product. It is clear that the extent of the formation of 
hydrocarbons at the stages of brown coal examined is small, but 
increases gradually with coalification. Liptinite-rich coals
Table 5.6 A quantitative distribution of n-alkanes for Tuna No.l 
Kingfish No.7, Latrobe Valley coals and crude oils
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Location 
and Sarnpla No® C12 C13 C u
TMTD
Tuna No® 1, 1204m, 
20482
or̂.0K\ 15.60 7=30
Tuna No- 1, 1402m,, 
20434 1.50 8.60 3.00
Tuna No- 1, 1652m, 
20486 oin« 1.90 3.70
Tuna No* 1 „ 2002*5m, 
20489 0*90 2.90 0 O 0.20
Tuna No« 1, 2465«8m, 
20493 0 = 90 4.40
o000 1 =50
Tuna No* 1, 2996=1m, 
20497 o 0 00 o 3=20 6*80 6=10
Tuna No* 1, 3560m, 
20501 1.50 2.20
Tuna No« 1 , A6, oll, 
L-100 2*70 4.40 5.50 2 = 80
Tuna No- 1, AI, oil ,
T-1 2.40
oVOn 4 >60 1.90
Tuna No* 1, 1651m, 
coal, 20486 _ 6.00 3.80
Tuna No. 1, 2996«1m, 
coal, 20497 _ 7.30 4.80
Ya!iourn, resin, 
00001
•
Morwe! l-A, 
00002
Morwe11-B, 
00003
Ya!lourn-N, 
00004 0.50
Yallourn-A, 
00005
Yallourn-S,
00006 1.60
Loy-Yang,
00007
Kingfish No. 7, 
1920.2m, 20511 4.90 4.30
Kingfish No. 7, 
2289.2m, 20514
Kingfish No. 7, 
2371 .3m, 20515 0.80 3.30 6.50
Kingfish No. 7, 
2408m, 20516 1.30 * o
Tuna No. 1, 2557=3m, 
20517 2.30 4.60 9.00
Kingfish No. 7, 
M-1.3 * 2.60 4.10 5.20 2.70
Kingfish No. 7, 
M-1*5 ' 1.90 3.50 4.50 2.70
C15 C 16 C 1 7 PR c 18 PH C19 c 20
1 5 .6 0 1 4 .8 0 1 8 *7 0 7 .9 0 7 .3 0 1 0 .8 0 3 . 7 0 3 .3 0
1 8 .4 0 1 9 .2 0 1 1 .2 0 8 .6 0 1 1 .4 0 9 .1 0 6 .3 0 3 . 4 0
3 . 4 0 2 .7 0 3 . 0 0 1 1 .6 0 2 .0 0 5 .7 0 0 .8 0 0 .5 0
2 .8 0 3 . 9 0 6 .0 0 4 .1 0 6 .6 0 0 .5 0 5 .2 0 6 .0 0
5 = 50 6 . 9 0 5 .9 0 1 3 .7 0 4 .1 0 9 .9 0 3 . 0 0 3 .2 0
1 2 .5 0 13=60 11=70 1 3 .8 0 6 .3 0 3 . 8 0 4 .0 0 3 . 0 0
6 .0 0 1 2 .0 0 1 7 .4 0 1 0 .9 0 1 4 .0 0 6 .3 0 1 1 .1 0 7 .2 0
o0VO 6 . 8 0 6 = 90 5 .5 0 7 .3 0 0 = 80 6 .6 0 6 .4 0
5 = 60 5=90 6 .5 0 4 .5 0 6 = 10 0 .5 0 6 .6 0 6 ,5 0
1 .0 0 3 . 20 ' 2 .5 0 7 .0 0 0 .7 0 1 .5 0 0 .8 0 1 .0 0
5 .7 0 1 3 .0 0 7 .6 0 1 4 .6 0 5 .5 0 3 . 0 0 4 .3 0 5 .0 0
0 .8 0 0 .8 0 5 = 80 0 .8 0 9 .2 0 5 .2 0 14 ,40 5 .5 0
0 .8 0 0 -t* o 1 .9 0 1 .3 0 4 .0 0 1 .6 0 1 .4 0 2 .0 0
0 .6 0 1 .6 0 1 .3 0 0 .8 0 - - 0 . 9 0 . 0 .7 0
0 = 70 1 .5 0 0 .9 0 0 .8 0 0 .9 0 0 .1 0 0 .5 0  1 0 .2 0
0 = 60 o 0 U
l
O 0 . 3 0 0 .4 0 0 .3 0 0 .4 0 0 .4 0 2 .6 0
0 . 2 0 - - - - - - 1.30
0 . 1 0 0 .3 0 0 . 3 0 0 . 1 0 0 .2 0 0 .1 0 0 .2 0 0 .1 0
1 0 .0 0 8 .0 0 1 9 ,0 0 4 .5 0 5 .5 0 4 .9 0 4 .3 0 4 .3 0
1 .5 0 2 .7 0 3 . 7 0
or~
"
in 4 .7 0 2 .3 0 4 .9 0 5 .8 0
3 . 0 0 2 .0 0 2 .8 0 2 0 .8 0 2 .8 0 5 .3 0 3 .3 0 3 .8 0
2 .5 0 3 . 5 0 2 . 5 0 8 .5 0 2 .7 0 2 .1 0 3 .6 0 4 .6 0
9 .5 0 1 0 .2 0 9 . 7 0 1 3 .7 0 5 .8 0 3 . 7 0 3 .7 0 4 .4 0
6 . 2 0 6 .6 0 6 . 6 0 5 .1 0 6 .5 0 0 .6 0 6 .5 0 6 .7 0
5 .6 0 6 .2 0 6 .6 0 4 .7 0 7 .0 0 0 .9 0 6 .6 0 6 .6 0
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Table 5.6 continued
Location 
and Samp 1 a No- C21
Tuna No. 1, 1204m,
20482 ' ' 1.70
Tuna No. 1 , 1402m, 
20484 2.70
Tuna No. 1, 1652m, 
20486 1.00
Tuna No. 1, 2002.5m, 
20489 6.10
Tuna No. 1, 2465.8m, 
20493 2.80
Tuna No. 1, 2996.1m, 
2C497 3.20
Tuna No. 1, 3560m, 
20501 5.30
Tuna No. 1, A6, oil, 
L-l 00 6.20
Tuna No. 1, A!, oil, 
T-l 6.60
Tuna No. 1, 1651m, 
coal, 20486 2.20
Tuna No. 1, 2996.1m, 
coal, 20497 3.70
Yallourn, resin, 
00001 8.00
¡‘fortfoi S-A, 
00002 1.90
Morwe!!-B, . 
00003 0.60
Yallourn-N, 
00004 1.60
Yaliourn-A, 
00005 3.00
Ya!!ourn-Q,
00006 • 4.20
Loy-Yang,
00007 0.60
Klngfish No. 7, 
1920.2m, 20511 2.70
Kingf1sh No. 7, 
2289.2m, 20514 6.20
Klngfish No. 7, 
2371 .3m, -20515 3.80
Klngfish No. 7, 
2408m, 20516 4.60
Tuna No. 1, 2557.3m^ 
20517 2.80
KJngf 1 sh No. 7, 
M-l .3 6.50
Klngfish No. 7, 
tt~! .5 6.70
C22 c23 c24 C25
2.10 1.90 2.10 2.50
2.10 1.70 2.70 3.00
1.30 2.90 3.90 8.20
6.10 6.70 6.90 8.30
2.70 4.00 4.70 7.80
0 M o 3.60 3.40 4.40'
4.40 3.90 3.40 4.10
6.00 5.90 5.70 5.60
6.70 6.60 6.30 6.20
1.30 2.30 3.00 7.30
4.80 5.50 6.00 6.60
4.60 6.10 6.70 4.10
1.70 2.10 3.30 2.20
0.90 2.70 2.20 4.30
0.80 2.40 1.40 4.20
0.30 1.40 0.50 1.80
0.40 1.90 0.80 1.30
1.00 11.6o 1.90 7.90
2.90 3.30 3.70 4.10
7.30 8.70 10.60 , 11.90
4.30 5.80 7.50 10.30
5.50 6.40 7.40 10.10
2.50 3.20 3.90 5.60
6.50 6.30 6.20 6.00
6.80 6.60 6.40 6.20
c26 C27 C28 C29
k.
1.70 2.10 - -
2.70 2.10 1.50 1.50
6.90 17.30 9.90 18.80
6.50 8.10 4.50 5.00
6.50 10.00 5.60 9.10
4.50 4.70 • 3.20 3.40
3.20 3.60 1.70 1.00
4.70 4.60 3.00 2.40
5.10 4.80 3.30 2.80
5.80 15.30 9.00 14.90
5.70 5.50 4.10 5.00
6.60 5.50 6.70 3.20
1.50 4.60 3.30 16.70
2.50 5.20 4.10 19.20
1.50 5.50 2.20 18.70
.0.60 3.40 1.20 5.50
2.30 7.60 7.60 36.30
1.90 9.50 3.00 14.30
2.90 3.70 2.50 4.90
11.10 11.20 . 4.20 3.70
9.50 11.30 8.30 9.00
8.50 10.50 7.00 8.70
4.90 7.20 4.90 6.30
5.20 4.90 3.30 2.50
5.30 5.10 3.40 2.40
c30 c3 1 c32 C33
- - - -
5.60 4.40 0.80 3.00
2.30 2.50 0.90 0.70
4.10 oCO•K\ 0.90 ;2.20
2.50 1.10 0.80 -
1.30 1.20 0,60 0.30
1.60 0 o 0.70 0.40
7.30 7.10 4.00 5.30
2.30 2.50 - - .
4.40 0.80 0.80 -
4.00 7.90 3.70 31.70
6.80 29.10 3,20 13.20
2.10 12.10 4.30 37.20
1.80 7.90 12.90 43.80
6.40 10.70 7.80 9.50
2.00 20.00 5.80 20.30
3.50 2.00 - - '
0.70 1.10 - -
3.00 3.00 4.00 -
4.30 4.30 1.10 0.80
2.80 2.80 1.40 1.60
1-10 0.40 0.30 -
1.20 0.50 0.50 0.30
Table 5.7 Some geochemical parameters from n-alkane 
distributions for Tuna No.l, Kingfish No.7, 
Latrobe Valley coals and crude oils
Sample Pr/Ph Pr/C17 Ph/C18 CPI n-alkanes
(7 r \
T-1204 m 0.7 0.4 1.5 2.0 48.0
T-1402 m 0.9 0.8 0.8 1.3 47.4
T-1652 m 2.0 3.9 2.9 2.0 59.4
T-2002.5 m 3.6 0.7 0.1 1.4 68.7
T-2465.8 m 1.4 2.3 2.4 1.7 40.3
T-2557.3 m 3.7 1.4 0.6 1.5 43.2
T-2996.1 m 3.6 1.2 0.6 1.0 52.8
T-3560 m 1.7 0.6 0.5 1.4 58.5
T-A6, oil 6.9 0.8 0.1 1.2 76.9
T-Al, oil 9.2 0.7 0.1 1.2 76.9
T-1652 m, coal 4.7 2.8 2.1 1.8 60.2
T-2996.1 m, coal 4.9 2.0 0.5 1.4 56.3
Yallourn, resin 0.2 0.1 0.6 0.6 23.5
Morwell-A, coal 0.8 0.7 0.4 4.5 37.2
Morwell-B, coal - 0.6 - 4.0 20.4
Yallourn-N, coal 8.0 0.9 0.1 7.2 32.2
Yallourn-A, coal 1.0 1.3 1.3 3.7 47.2
Yallourn-B, coal - - - 2.7 18.6
Loy-Yang, coal 1.0 0.3 0.5 5.3 63.2
K-1920.2 m 0.9 0.2 0.9 1.4 44.-9
K-2289.2 m 2.5 1.5 0.5 1.4 73.8
K-2371.3 m 3.9 7.4 1.9 1.2 40.0
K-2408 m 4.0 3.4 0.8 1.4 71.5
K-W22, oil 8.5 0.8 0.1 1.1 73.2
K-B10, oil 5.2 0.7 0.1 1.1 75.4
Note: T = Tuna oil field; K = Kingfish oil field
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Figure 5.5 Distribution of n-alkanes in the saturated hydrocarbon 
fractions for Yallourn coals from the Latrobe Valley 
coalfield.
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M orwel l -A
medium light lithotype
M orwel l -B  
pale lithotype
Figure 5.6 Distribution of n-alkanes in the saturated hydrocarbon 
fractions for Morwell coals from the Latrobe Valley
coalfield.
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YaNourn-N
medium light iithotype
Figure 5.7 Distribution of n-alkanes in the saturated hydrocarbon 
fractions for Yallourn and Loy Yang coals from the 
Latrobe Valley coalfield.
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Figure 5.8 Distribution of n-alkanes in the saturated hydrocarbon 
fractions for Yallourn resin from the Latrobe Valley 
coalfield.
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Figure 5.9 Distribution of n-alkanes in the saturated hydrocarbon
fractions of extracts from Tuna-1, 1204 and 1402 m.
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Figure 5.10 Distribution of n-alkanes in the saturated hydrocarbon
fractions of extracts from Tuna-1, 1652 m source rock
and coal.
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Figure 5.11 Distribution of n-alkanes in the saturated hydrocarbon
fractions of extracts from Tuna-1, 2002.5 and 2465.8 m
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Figure 5.12 Distribution of n-alkanes in the saturated hydrocarbon
fractions of extracts from Tuna-1, 2996.1 m source rock
and coal.
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Figure 5.13
Tuna-1
2 5 5 4 .2 -2 5 5  7.3m 
Pr
T u n a - 1
Distribution of n-alkanes in the saturated hydrocarbon
fractions of extracts from Tuna-1, 2557.3 and 3560 m.
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Figure 5.14 Distribution of n-alkanes in the saturated hydrocarbon
fractions of extracts from Kingfish-7, 1920.2 and 2289 m.
K in g f ish -7
2 2 8 6 -2 2 8 9 m
C25
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K in g f i s h -7  
2 3 6 8 .2 -2 3 7 1 .2m-
Figure 5.15 Distribution of n-alkanes in the saturated hydrocarbon 
fractions of extracts from Kingfish-7, 2371.2 and 
2408 m.
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have high proportions of the peaks occurring in triterpenoid 
range (C26”C33) the hopane and moretane type, whereas the 
vitrinite-rich coals have longer paraffinic wax chains with some 
cyclo-alkanes. The n-alkanes from vitrinite-rich coals are more 
abundant than from the liptinite-rich coals.
The fossil resins have a distinctly different alkane profile from 
those of the six brown coals. Cyclo-alkanes ranging Cyj to C22 
are dominant components in the hydrocarbons from the fossil 
resins and n-alkane contents are relatively low. In these fossil 
resins, Philp (1981) reported that a fichtelite (C19H34) is the 
major diterpenoid and an unidentified C^g—norditerpane is a minor 
component. Diterpenoid acids such as an abietic acid, 
pimaradienoic acids and hydrogenated resin acids occur in the 
Yallourn coals (Shaw et al., 1980). These were recognized as a 
major constituent of higher plant resins, especially the 
coniferous species Agathis by Shaw et al. (1980). Shanmugam 
(1985) has suggested that Agathis resin is a major contributor to 
Gippsland Basin oils. The form of the alkane trace from these 
resins and the general absence of a marked naphthenic hump from 
the oils suggests that this is unlikely to be the case. 
Additionally, the petrographic data show that resinite is a major 
component in a very small proportion of the coals and is 
generally absent from the dispersed organic matter. The cyclic 
terpenoids are associated with liptinites and possibly with
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detrovitrinites in the low rank coals* The presence of saturated 
pentacyclic hydrocarbons (hopanes) in the extracts from the brown 
coals examined indicates micro-organism activity during the early 
diagenesis. However, the amount of activity and micro-organism 
identities are uncertain.
The extracts of samples from coal beds (1652 m in Tuna No.l and
2371.3 m in Kingfish No.7) contain large proportions of high 
molecular weight n-alkanes (n-C25-n-C29) w^t 1̂ small proportions 
of light hydrocarbons in the Lower Eastern View-B facies. These 
extracts have a high content of pristane and phytane. Normal 
alkane distributions from rock samples proximal to oil reservoirs 
in sandstone (e.g., 2002.5 m at Tuna No.l, 2289 m and 2408 m at 
Kingfish No.7) have alkane patterns similar in many aspects to 
the crude oils. It is possible that some reservoir oil remained 
in the samples despite the pre-cleaning process. However, these 
samples are dominated by medium to high molecular weight ranges 
alkanes (n-C^ 9-11-02 7) with moderate odd-even predominance. 
Alkanes lighter than n-C;[g are less abundant as compared with the 
oils, and these samples show lower pr/ph ratios than the oils.
Extracts from the Lower Eastern View—A facies have a bimodal 
distribution of n-alkanes down to 2996.1 m in Tuna No.l. The 
bimodal tendency declines with increasing depth in the hydro­
carbons with the greater than n-C25 mode diminishing. Where 
hydrocarbon cracking increases (beyond 2700 m-Rvmax 0.8%),
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n-alkane distributions are dominated by light-medium molecular 
weight hydrocarbons (3560 m in Tuna No.l) and the odd predomin­
ance of high molecular range hydrocarbons is lost. The extracts 
have high contents of pristane and phytane.
5.4b Distribution of Triterpanes and Steranes
The distribution and the stereochemical changes of hopane-type 
triterpanes and steranes from source rock extracts of Tuna-1 have 
been examined by GC—MS. Representative fragmentograms for 
M/z 191 and M/z 217 are illustrated in Figures 5.16-5.21, 
respectively. Identification of triterpanes and steranes 
commonly occurring in the source rock extracts and oils are 
listed in Table 5.8. Source and maturity parameters based on 
these compounds are given in Table 5.9.
The distributions of hopanes in source rock extracts between 
shallow horizons (1652 m, 1862.3 m) and deeper horizons in Tuna—1 
showed significant differences. The most obvious differences 
were the predominance of 17<*(h ), 21/3(H)-homohopane (22S and 22R; 
peaks 16-17) in the shallow horizons, whereas dominance of 
17Q!(H), 21/3(H)-hopane (peak 12) occurs in the deeper levels. In 
addition, contents of 17 ol (H)-trisnorhopane (Tin, peak 5) and 
17a(H), 21/3 (H)-30-norhopane (peak 9) decreased with increasing 
burial depths. These stereochemical changes of biomarkers are 
due to sediment maturity. The 03  ̂ homohopanes naturally occur
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Table 5.8 Identifications of terpanes and steranes commonly occurring 
in the oils and extracts from the Gippsland Basin
Compound Identification
a) Terpanes (m/z 191) ChemicalFormula Peak No. b) Steranes (m/z 217)
C24-Tetracyc l ic  terpane C24H42
18a(H)-22,25,29,30-Tetranorhopane .¿0 44
18a(H)-22,29,30-Tri snorneohopane
c / 4o
17a(H)-22,25,29 ,30-Tetranorhopane 2̂6^*44
17a(H)-22 ,29,30-Trisnorhopane C0,H.,.
L / 4u
17a(H), 218(H)-25,30-Bisnorhopane C~0H.0
co 4o
17a(H),21ß(H)-28,30-Bisnorhopane ^28H48
17ot( H ) .218(H) -25-Norhopane C29H50
17a(H).218(H)-30-Norhopane ^29H50
Compound X-C^g-Pentacyclic terpane* ^30H52
178(H), 21a(H)-30-Normoretane *"29 5̂0
17a(H),218(H)-Hopane C30H52
178(H),21a(H)-Moretane ^30 5̂2
17a(H) ,21ß(H)-25-Norhomohopane (22S and R) *"3(/*52
17a(H) ,21ß(H)-Homohopane (22S and R) *"3 1 ^ 5 4
1
2
3
4
5
6
7
8
9
10 
11 
12
13
14
l7a(H),216(H)-25-Norbishomohopane (22S and R) 
17a(H),218(H)-8ishomohopane (22S and R)
17a(H),21ß(H)-Trishomohopane (22S and R) 
17a(H),218(H)-Tetrabishomohopane (22S and R)
C31H54
C32H56
C33H58
C34H60
15
16
17
18
19
20
138(H),17a(H)-Diacholestane (20S)
136(H),17a(H)-0iacholes tane ( 2 0R)
13a(H), 178(H)-Oiachol es tane ( 2 0 S)
13a(H),178(H)-Di acholes tane (20R)
24-Methyl-138(H),17a(H)-d iacholestañe (20S) 
24-Methyl-138(H) ,17a(H)-di acholes tane (20R) 
24-Methyl-13a(H), 17B(H)-diachol estañe (20S)
+ 14a(H),17a(H)-cholestane (20S)
24-Ethyl-136(H) , 17a(H)-diacholestañe ( 2 0 S)
+ 148(H), 17B(H)-cholestane (20R) 
14B(H),17B(H)-Cholestane (20S)
+ 24-methyl-13a(H),17B(H)-diacho1estane (20R) 
14a(H), 17a(H)-Cholestane (20R)
24-Ethyl-138(H),17a(H)-diacholestañe ( 2 0R)
24-Ethyl-13a(H), 17B(H)-diacholestañe (20S) 
24-Methyl-14a(H), 17a(H)-cholestane (20S)
24-Ethyl-13a(H),17B(H)-diachol estañe ( 2 0R)
+ 24-methyl-14B(H),17B(H)-cholestane (20R) 
24-Methyl-146(H),17B(H)-cholestane (20S)
24-Methyl-14a(H),17a(H)-cholestane (20R)
24-Ethyl-14a(H),17a(H)-cholestane (20S)
24-Ethyl-14S(H), 17B(H)-cholestane (20R)
24-Ethyl-14B(H), 17B(H)-cholestane (20S)
24-Ethyl-14a(H),17a(H)-cholestane (20R)
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Table 5.9 Molecular ratios for triterpanes and steranes of 
source rock extracts from Tuna-1
Biomarker Source Rock Extracts (m)
parameters 1652 1862.3 2002.5 2465.8 2996.1 3560
a) 5o:(H)20S 
2 OS + 2 OR 16 22 32 35 . 44 45
b) 22S 
22S + 22R 40 50 54 56 59 59
c) C^qfoP
C29 Hop + Mor 68 79 82 82 88 91
d) 00 
aa + 0 0 32 33 41 33 42 45
e) Tm/Ts - 3.1 5.4 7.2 9.8 4.9
f) cinx
C29H0P + C3QX - - 5 7 4 7
g) C3oHop
C24Tet + C3QHop97 75 89 91 88 89
h) Rvmax 0.37 0.42 0.51 0.61 0.86 1.08
a) 5«(H), 14a(H), 17c*(h )-C29 Sterane-20S/20S + 20R
b) 17«(H), 21/?(H)-homohopane (22S/22S + 22R)
c) 17û:(h ), 21/3(H)-norhopane/17a(H) , 21/3(H) norhopane + 170(H), 
21a(H)-normoretane
d) 5o(H), 140(H), 17/3(H)-C29-(20S + 20R)/5«(H) , 14«(H), 17«(H) + 
5«(H), 140(H), 17/3(H) (2OS + 20R)
e) 17a(H)-trisnorhopane/18«(H)-trisnorhopane
f) unidentified C30“pentacyclic terpane/C29”regular hopane + 
C30”pentacyclic terpane
g) C3Q-regular hopane/C24~tetracyclic terpane + C30~regular 
hopane
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Figure 5.16 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract Tuna-1, 1649-1652 m coal.
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Figure 5.17 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract Tuna-1,1859.3-1862.3 m.
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Figure 5.18 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract Tuna-1,1995.5-2002.5 m.
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Figure 5.19 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract Tuna-1,2462.8-2465.8 m.
179
Figure 5.20 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract Tuna-1,2993.1-2996.1 m.
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Figure 5.21 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract Tuna-1, 3557-3560 m.
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with only the R configuration at C22 and a low ratio of 22S/22S + 
22R indicates an immaturity (Seifert et al., 1980; Philp, 1985). 
A 22S configuration is common in the sample at 2002.5 m depth 
(Rvmax 0.54%). The 22S/22R + 22S increases with 
increasing burial depth. The 17a(H)-22, 29, 30-trisnorhopane 
(peak 5), 17 a (H) , 21 /? (H)-30-norhopane (peak 9), 17 a (H) , 
2l/?(H)-hopane (peak 12) commonly occurred in samples from deeper 
horizons (2002.5 m-3560 m), however no significant trends exist 
among the components with increasing burial depths. The ratio 
18a (H)-trisnorhopane/17a (H)-trisnorhopane (Ts/Tm) (Seifert and 
Moldowan, 1979) tends to increase with increasing depth except in 
the sample from 3560 m.
The maturity parameters a, b. c and d in Table 5.9 are based on 
stereochemical conversions which will ultimately reach 
equilibrium values at certain maturity levels (Philp and Gilbert, 
1986). Parameter (a) has an equilibrium value of about 50 per 
cent, parameter (b) about 60 per cent, parameter (c) about 100 
per cent, and parameter (d) about 70 per cent. Philp and Gilbert 
(1986) expected that all of these ratios will have reached 
equilibrium values equivalent to vitrinite reflectance values in 
the range 1 to 1.2. From the values shown in Table 5.9, it 
appears that parameters (b) and (c) have almost reached 
equilibrium values in deeper samples such as 2996.1 m and 3560 m 
depth. The maturity parameters from Tuna—1 samples increase very 
consistently with increasing burial depth. The critical
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stereochemical changes appear to have occurred at around 1862.3 m 
depth (Ryinax 0.42%).
Sterane hydrocarbons in coal sample 1652 m were dominated by the 
C29 steranes, whereas other samples contained large amounts of
^27» ^28 and ^29 steranes. The predominance of the C29 steranes 
which derived from C29 sterols of higher plants, is indicative of 
a terrestrial origin and the C27 steranes are thought to be 
derived from marine sources (Huang and Meinschein, 1978). An 
attempt to predict the origin of samples can therefore be made 
examining the varying amounts of C27 to C29 steranes. Samples 
containing dominant C29 steranes (e.g., coal 1652 m) can be 
identified as terrestrial in origin, while those with relatively 
high contents of C27-C29 steranes can be tentatively identified 
as having a marine and terrestrial source. However, some caution 
must be exercised in implying a marine source as most oil-related 
contaminants would give apparent indications of a marine source 
and the presence of contaminants cannot be ruled out. Minor 
amounts of tricyclic terpanes are present in all samples except 
those from 1652 m and 2462.8 m. However, it needs to be noted 
that this is a highly oversimplified approach for source 
identification. This is because there is so much overlap between 
the different oil source types in the sterane summary plot 
(Moldowan et al., 1985) and marine organisms contain C27 and C29 
sterols (Brassel and Eglinton, 1983). Source parameters in Table 
5.9 for the Tuna-1 source rocks indicate some source differences
between low rank coal and other source rocks.
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5.4c Aromatic Hydrocarbons
The distribution of aromatic fractions of selected source beds 
are shown in Figures 5.22 to 5.24. The aromatic profiles are 
generally similar at all depths in having a high proportion of 
diaromatics, triaromatics and their substituted derivatives. 
Mono- and sulphur-bearing aromatics are relatively rare in all 
samples. Methyl substituted compounds on naphthalene and 
fluorene commonly occur in shallow horizons, whereas methylated 
phenanthrenes are common in the upper horizons. Similar 
observations have been made in samples from coals and source 
rocks by Radke et al. (1982a), Radke et al. (1982b) and Palmer 
(1984) .
5.5 LEVEL OF MATURATION
The vitrinite reflectance data obtained from Tuna No.l and 
Kingfish No.7 are given in Tables 5.10 and 5.11. Reflectance 
data for these wells are presented in the form of reflectance/ 
depth profiles in Figures 5.25—5.26. The range of depths sampled 
for Kingfish is too low to yield an accurate profile and the 
reflectance gradient is strongly influenced by some unusually low 
reflectance values in most of the shallower samples. Vitrinite 
reflectance data obtained from Tuna No.l in the present study are 
consistent with data determined on 78 samples by five different
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T u n a -1, 1999 .5 - 2 0 0 2 . 5 m
Figure 5.22 Distribution of aromatic hydrocarbon of extracts from 
Tuna-1, 1652 and 2002.5 m.
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T u n a - 1 , 2 5  5 4 . 2 - 2 5  5 7 . 3 m
Figure 5.23 Distribution of aromatic hydrocarbon of extracts from 
Tuna-1, 2465.8 and 2557.3 m.
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Figure 5.24 Distribution of aromatic hydrocarbon of extracts from
Tuna-1, 2996.1 and 3560 m.
Table 5.10 Vitrinite reflectance for Tuna No.l
Sample
No.
Depth
(m)
Rvmax
(%)
Range
(%)
Organic matter 
Number facies
20481 896 0.29 0.23-0.33 3 - Lakes Entrance
20482 1204 0.30 0.29-0.32 3 JI Formation
20483 1338 - - - Upper Eastern View
20484 1402 0.43 0.40-0.48 3 -
20485 1554.5 0.42 0.36-0.46 10
20486 1652 0.41 0.33-0.53 30 Lower Eastern
20487 1862.3 0.42 0.36-0.59 30 ~ View-B
20488 1959.9 0.52 0.40-0.61 30
20489 2002.5 0.51 0.41-0.62 30 J
20490 2036 0.52 0.45-0.67 30 -
20491 2164 0.53 0.47-0.57 3
20492 2316.4 0.56 0.50-0.62 6
20493 2465.8 0.61 0.53-0.74 30
20517 2557.3 0.60 0.52-0.70 30
20494 2594 0.65 0.58-0,70 30 Lower Eastern
20495 2758.3 0.66 0.60-0.79 30 View-A
20496 2859 0.75 0.67-0.80 14
20497 2996.1 0.86 0.75-0.96 23
20498 3109 0.95 0.85-1.04 12
20499 3241.5 0.98 0.93-1.08 17
20500 3421.8 1.08 1.05-1.15 10
20501 3560 1.08 0.99-1.15 9
20502 3639.3 1.16 1.06-1.25 4 J
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Table 5.11 Vitrinite reflectance for Kingfish No.7
Sample
No.
Depth
(m)
Rvmax
(%)
Range
(%) Number
Organic matter 
facies
20510 1716 0.34 0.25-0.41 3 120511 1920.2 - - - - Lakes Entrance20512 2115.3 — — - J Formation
20513 2212.8 0.27 0.19-0.35 10 120513-1 2256 0.28 0.23-0.35 30
20514 2289 0.37 0.33-0.43 8
20515 2371.3 0.48 0.45-0.57 30 Lower Eastern
20515-1 2390.2 0.50 0.46-0.57 30 View-B
20516 2408 0.51 0.48-0.54 11
20516-1 2415.6 0.53 0.49-0.57 6 J
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Figure 5.25 Plot of vitrinite reflectance versus depth for 
Tuna No.1. ' '
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Figure 5.26 Plot of vitrinite reflectance versus depth for 
Kingfish No.7. - - '
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workers between 1971 and 1980 (Kantsler et al., 1980). The 
maturation level of the T-l reservoir in Tuna-1 is within the low 
rank portion of the ’liquid window' (Rvmax of 0.5%).
The principal zone of oil generation (Rvmax of 0.7%-0.9%) lies 
between about 2800 m and 3100 m; the highest reflectance in the 
well is 1.16% occurring at 3639.3 m. For Kingfish No.7, ranks at 
the low end of the oil generation window occur at the level of 
M-1.5 reservoir and the highest reflectance (Rvmax of 0.53%) 
occurs at 2415.6 m. These ranks indicate that the rocks range in 
the study area from immature to mature for generating 
hydrocarbons. Samples from the wells proximal to onshore tend to 
have higher Rvmax values than samples from similar depths from 
wells within the Central Deep (Smith and Cook, 1984). This 
indicates that potential Latrobe Group source rocks are more 
mature for a given depth near shore than further offshore. Smith 
and Cook (1984) observed rank breaks in the onshore succession 
between the Eocene brown coals which are less than 0.45 per cent 
of vitrinite reflectance and the underlying Lower Cretaceous 
sub-bituminous coals (0.6 per cent vitrinite reflectance). Smith 
(1982) suggested that a period of earlier burial of the 
Strzelecki Group and subsequent uplift and erosion of about
1.5 km to 2.5 km occurred prior to deposition and burial of the 
onshore Tertiary sequence.
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The range of maturity over which organic matter generates oil was 
considered to vary according to type by Tissot and Welte (1978), 
Hunt (1979), and Cook (1982). Leythaeuser et al. (1980) stated 
that, with maturation, oil generation occurs firstly from type I 
Kerogen (alginite), then from type II Kerogen and finally from 
type III Kerogen (vitrinite). Other authors claimed that this 
order is reversed (e.g. Tissot and Welte, 1978). Smith and Cook 
(1980, 1984) and Cook (1982b) have reported that the inertinite 
group is the first to generate hydrocarbons during burial 
metamorphism, then vitrinite with liptinite being the least 
sensitive at low temperatures. According to their proposed 
maturation model - because of the distribution of the facies in 
relation to maturation levels - vitrinite, suberinite and 
resinite are likely to have generated hydrocarbons in the Lower 
Eastern View-B facies sequences, whereas sporinite, cutinite, 
liptodetrinite, resinite, suberinite and vitrinite have probably 
generated hydrocarbons in the Lower Eastern View-A facies. The 
principal zone of oil generation occurs within the Lower Eastern 
View-A facies.
The vitrinite reflectance gradient and present-paleotemperature 
data for Tuna No.l and Kingfish No.7 are given in Table 5.12.
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Table 5.12 Vitrinite reflectance gradients and estimated 
palaeotemperatures for Tuna No.l and Kingfish No.7
Depth
(m)
Rvmax
(%)
Tpres
C c )
Tiso
(°C)
Tgrad
r c )
Reflectance 
gradient 
(Rvmax %/km)
Tuna No.l 2000 0.5 86 35 60 0.25
Tuna No.l 2700 0.7 107 65 90 0.29
Tuna No.1 3500 1 . 0 130 90 141 0.38
Kingfish No.7 2200 0.25 - - - -
Kingfish No.7 2400 0.5 117 45 72 1.25
The paleotemperatures were calculated using the nomogram of 
Karweil (1956) as modified by Bostick (1973). The Lower Eastern 
View—B facies in Tuna No.l shows a low to moderate reflectance 
gradient as compared with the gradient found for Kingfish No.7, 
but the Kingfish gradient lacks good vertical control. The 
reflectance gradient of Lower Eastern View-A facies is moderate 
in Tuna No.l. These gradients may indicate that, in the Tuna 
No.l area, moderate to rapid rates of temperature increase 
occurred during deposition of the Lower Eastern View-A facies 
(Late Cretaceous) and that these rates decreased during 
deposition of Lower Eastern View-B facies (Paleocene to Early 
Eocene). The maturity of the Late Cretaceous source rocks 
increased comparatively little during Late Tertiary burial 
because of its rapidity and the lower heat flow and because of 
the higher conductivities of the Late Cretaceous near the margins
of the basin.
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The results from isothermal and gradthermal estimates of 
paleotemperatures (as described by Kantsler e t a l ., 1978a; 1978b, 
and by Smith and Cook, 1984) for these wells, indicate that the 
burial history of Tuna No.l approaches their isothermal model 
whereas that of Kingfish No. 7 is close to their gradthermal 
model. The present temperature of Kingfish No.7 strata at the 
depth of 0.5% reflectance level is higher than that of Tuna 
No.l. The present geothermal gradients for these wells are 30°C 
to 35°C/km. Depth to basement controls the regional trend 
resulting in a major decrease of the present geothermal gradient 
from the onshroe areas to within the Central Deep and further 
offshore (Smith and Cook, 1984). The Lower Eastern View-A facies 
in the vicinity of Tuna— 1 was probably early oil mature by the 
end of deposition of the Upper Eastern View facies. Stainforth 
(1984) predicted the onset and culmination of oil generation in 
an Upper Cretaceous section at the beginning and middle of the 
Tertiary respectively from the samples of Volador-1 at the basin 
edge.
5.6 COMPOSITION OF CRUDE OILS
The general nature of the crude oils from various reservoirs in 
Tuna and Kingfish oil/gas fields is summarized in Table 5.13 and 
Figures 5.27-5.30. Whole-oil gas chromatograms show a dominance 
of paraffinic hydrocarbons (65%-77%), the presence of waxy range
Table 5.13 Chemical composition of crude oils in the fraction boiling above 210°C
Well
Reservoir
Units
Fraction
A
Fraction
B
Fraction
C
n-alkanes
(%)
br-cyclic 
alkanes (%)
Aromatics
(%)
pols
(%)
Asphaltenes
(%)
SAT/
AR0
Tuna-A6 L-100 72.6 52.8 15.3 71.0 21.3 2.5 3.1 2.1 36.9
Tuna-A1 T—1 85.4 35.7 27.8 66.3 19.9 4.0 7.8 2.0 21.6
West KingfishM-1.3 
W22
58.3 49.2 16.8 61.9 22.7 5.9 8.4 1.1 14.3
Kingfish BIO M-1.5 67.1 41.4 18.9 65.3 21.3 6.0 5.1 2.3 14.4
Notes: (1) Fraction A = % of topped oil residue above 210°C
(2) Fraction B = % above in whole oil n-alkanes
(3) Fraction C = % of C22“C32 (wax) in whole oil n-alkanes
(4) The oils were topped by boiling at 210°C to remove the light ends. This 
reduces sample variability due to exposure of the oil to evaporation during the 
sampling processes. This procedure also produces samples more generally 
comparable with solvent extracts.
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Figure 5.27 Gas chromatograms of whole oils in L-100 and T-l 
from Tuna gas/oil field.
J__ A.
reservoirs
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Figure 5.28 Gas chromatograms of whole oils in M-1.3 and M-1.5 reservoirs 
from Kingfish oil field.
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Figure 5.29 Distribution of n-alkanes of oils in the fraction 
above 210° C from Tuna oil/gas field.
199
West K ing f ish  W 2 2 ,M -1 .3  re s e rv o i r
23 13 -2 3 5 2 m K B
C20
'15
Pr
lJ v .
Ph
U ĵyW
'25
jJ[Jl
30
-A.
K ing f ish  B 1 0 , M - 1 . 5  re s e rv o i r  
2 3 8 5 - 2 4 1 5mKB
C20
Figure 5.30 Distribution of n-alkanes of oils in the fraction 
above 210° C from Kingfish oil field.
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alkanes (16%—28%) and high pr/ph ratios (5.2-9.2). The oils are 
dominated by saturated hydrocarbons, especially normal alkanes, 
and are classified as paraffinic type oils (Figure 5.31). 
Aromatic hydrocarbon content is mostly below 10%. The 
saturated/aromatic ratios are high. The amount of polar 
compounds is below 10%. The Tuna oils contain more high 
molecular weight compounds than Kingfish oils. Oils from the 
shallow reservoirs have a greater proportion of lighter fractions 
than the deeper reservoir oils. Thus the saturated hydrocarbons 
of the shallow reservoirs are more enriched in light molecular 
hydrocarbons (less than C;q ; 53%), as compared with the deeper 
reservoirs (36%), whereas the waxy range n-alkanes are more 
abundant in the deeper reservoirs than in the shallow 
reservoirs. The API gravities indicate light oil typical of the 
Gippsland Basin (42.4°-57.5°), and sulphur content is below 
0.5%. In combination with the high pr/ph ratios, the pristane to 
n~Ci7 ratios are low with this ratio being slightly higher for 
the shallower reservoir. The CPI of the oils is around 1.1-1.2 
and indicates moderate maturity.
Pristane clearly predominates as the major isoprenoid. The most 
common isoprenoids in decreasing order of abundance are pristane 
(C19), trimethyl tridecane (Cifc), norpristane (Cxs) and phytane 
(^20); C21 to C30 isoprenoids and polycyclic alkanes are both 
rare (Figures 5.32-5.33 and Table 5.14). These results indicate 
that large molecules of steranes and triterpanes are not as
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Figure 5.31 Ternary diagram of the composition of the oils from 
Tuna and Kingfish producing wells.
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Figure 5.32 Distribution of branched and cyclo-alkanes in 
Tuna oil/gas field.
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Figure 5.33 Distribution of branched and cyclo-alkanes in 
Kingfish oil field.
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Table 5.14 Identified branched alkanes from the saturated 
fraction of Tuna and Kingfish oil
Peak No Molecular Formula Compound
1 C14H30 -
2 c15H32 Farnesane
3 C16H34 2.6.10 Trimethyl tridecane
4 C18H36 Norpristane
pr C19H40 pristane
ph c20h42 Phytane
5 c22h46 -
6 c24h50 -
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abundant as C20 or less isoprenoids due to lower initial 
abundance, less effective migration, or to within-reservoir 
alteration. Diterpenoids (C20H34) were identified in the 
Gippsland Basin by Philp et al. (1983), and they proposed that 
these were derived, at least partly, by dissolution from coals. 
Resin-derived alkanes do not, as noted previously, appear to form 
a major part of the oils, but small amounts of resin-derived 
alkanes are no doubt present.
Biomarker studies indicate that source and maturity correlations 
exist in both the shallow and deeper reservoirs. Sterane and 
triterpane distribution in the Tuna oil indicates a relatively 
high level of maturity (Figures 5.34-5.35, Table 5.15). The Tuna 
oil contains hopane hydrocarbons dominated by the thermally 
stable configuration of 17a:(H), 21/3(H) stereochemistry. The C31 
hopanes of the above stereochemistry has two diastereoisomers 22R 
and 22S. The ratios of the 22S/22S + 22R for C3] —homohopane in 
the oils are 56% and 58% respectively, a ratio that was 
previously reported by Seifert et al. (1980), and Philp and 
Gilbert (1986) to be the equilibrium ratio for these isomers 
(about 60%) for crude oils. The 22R diasteromer was regarded as 
a naturally occurring precursor, whereas the 22S was thought to 
be a geologically occurring precursor for hopane hydrocarbons 
(Seifert et al., 1980; Philp and Gilbert, 1982). The 22S/22S + 
22R ratios for the oils are similar to the ratios of the 
respective source rock extracts from 2465.8 m, 2996.1 m and
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Figure 5.34 Mass chromatograms presenting saturated terpanes and 
steranes from soluble extract Tuna A1, T-l Res. 
1900-1950 mKB.
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Figure 5.35 Mass chromatograms presenting saturated terpanes and 
steranes from soluble extract Tuna A6, L-100 Res. 
1689-1694 mKB.
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Table 5.15 Molecular ratios for triterpanes and 
steranes of oils in the Tuna oil/gas field
Biomarker Crude Oils
parameters L-10 0 reservoir T-l reservoir
a) 5«(H) 20S
20S + 2OR 50 51
b) 22S 
22S + 22R 58 56
c) C?qH oo  
C29H0P + Mor 90 89
d) ß ß
a a +  ßß 60 59
e) Tm/TS 1.9 2.3
f) c^nx
C29H0P + C3ox 17 14
g) C^nHop
C 2 4 T e t  + CßoHop 96 87
Note: See Table 5.9
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3560 m, which have been exposed to maturity levels equivalent to 
vitrinite reflectance values in the range from 0.61% to 1.08%. 
Other maturity parameters for oils (a, c, d and e in Table 5.15) 
are all consistent with (b). The biomarkers in the oils in both 
the shallow and deeper reservoirs indicate a moderate-high level 
of thermal maturity (0.7%—1.1% of vitrinite reflectance). The 
distribution of biomarkers of Tuna oil is similar to those of the 
Kingfish and Hapuku oils as reported by Philp and Gilbert (1982,
1985).
Tuna oils (from L-100 and T-l reservoirs) are characterized by a 
predominance of C29 steranes, a lack of tricyclic terpanes, 
presence of C24 tetracyclic terpanes and the presence of a 
C3(rpentacyciic terpane (which elutes immediately after the 
C29“norhopane). In addition, the relative concentrations of 
triterpanes are higher than the concentrations of the steranes in 
Tuna oils. These features of the oils are reported to be 
indicative of a source which is predominantly derived from
terrigenous organic matter (Seifert _et al., 1978; Huang and
Meinschein, 1979; Philp and Gilbert, 1985). Philp and Gilbert 
(1982, 1985) observed very similar compounds in the oils derived 
from a terrigenous-rich source in the Gippsland, Sydney, Cooper/ 
Eromanga, and Surat/Bowen Basins, Australia. Hoffmann et al. 
(1984) also reported a similar predominance of hopanes/steranes 
in the oils from the Mahakam delta, Indonesia. A slightly higher 
concentration of terrigenous organic matter-sourced compounds occur in
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shallow reservoir oil (L-100 oil) than in the deeper reservoir 
oil (T-l oil). In particular, the ratio of C30HoP/C24Tet + 
C3oHoP is higher for the shallow reservoir as compared with 
that of deeper reservoir oil. The ratio of the shallow reservoir 
oil is close to that of coal extracts from 1652 m depth. It 
indicates that the C30 hopanes in the shallow reservoir oils may 
contain, in part, oil derived from the interbedded coals.
The proportions of 17a(H), 21/? (H)-25-norhopane (peak 8) and 
c28“bisnorhoPane (Peak 7) are a little more enriched in the 
deeper reservoir as compared with the shallow reservoir, whereas 
the 24-ethyl-14 , 17/3-cholestane (20R, peak 20) is slightly less 
abundant in the deeper reservoir. The presence of both regular 
hopanes and norhopanes and the removal of C29”Cholestane (20R) in 
the deeper reservoir is indicative of biodegradation and/or water 
washing, a phenomenon which has been observed elsewhere by 
several workers (Seifert and Moldowan, 1978; Philp, 1983; Volkman 
jBt___al., 1983; Philp and Gilbert, 1986). Other evidence for 
biodegradation in the T—1 reservoir is the absence of some light 
n-alkanes in the gas chromatogram of non-distilled oils (see 
Figure 5.27-5.28). The M-1.5 reservoir in the Kingfish-7 has a 
similar pattern of n-alkanes as the T-l reservoir.
Biodegradation of crude oils has been reported by numerous 
workers (Evans e t a l ., 1971; Bailey et al., 1973; Volkmann e£
al.., 1983; Connan, 1984; Palmer, 1984; Wardrager et al., 1984).
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Sequential loss of saturated hydrocarbons is suggested as 
beginning with the loss of n-alkanes and is followed by the 
loss of isoalkanes, bicyclic alkanes, C27-C29 steranes, 030-035 
hopanes, 027-039 hopanes, tricyclic and tetracyclic terpanes. A 
number of these parameters suggest that the oil in the deeper 
reservoir at Tuna is more biodegraded than the shallow reservoir 
oil.
The distributions of aromatic hydrocarbons are characterized by a 
lack of lower molecular weight of aromatics (<150°C temperature 
retention) and an abundance of polycyclic aromatic compounds 
(Figures 5.36-5.37). Sulphur-bearing aromatics (dibenzo- 
thiophene, 2-ethylbenzothiophene) are rare, but methyl groups on 
the fluorene, phenanthrene and acephenanthrene are relatively 
dominant in the oils. Light aromatic hydrocarbon molecules are 
more water soluble than n-alkane molecules (McAuliffe, 1980) and 
the extent of water washing of crude oil is more easily detect­
able in the aromatic fractions than in other hydrocarbons 
(Palmer, 1984). The lack of peaks in the lower molecular range 
is, therefore, possibly due to water washing during the migration
phase.
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Tuna A6, L -1 0 0  reservoir
Tuna A1, T~1 reservoir
Figure 5.36 Distribution of aromatic hydrocarbons in Tuna 
oil/gas field.
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Figure 5.37 Distribution of aromatic hydrocarbons in Kingfish 
oil field. " .
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5.7 GENERATION OF HYDROCARBONS IN THE LATROBE GROUP
5.7.1 Petrographic Features
The coal-related lithologies commonly contain exsudatinite and 
micrinite as secondary macerals. Exsudatinite in the samples 
studied is derived in part from resinite but may also be derived 
from other macerals. It indicates mobilization of oil-like 
hydrocarbons within the coals. Some liptinites, mainly 
suberinite, fluorinite, resinite and liptodetrinite undergo 
marked changes in their fluorescence intensity and structure in 
the range Rvmax 0.4% to 0.6%. Micrinites are commonly associated 
with vitrinite layers in both the Lower Eastern View-A and Lower 
Eastern View-B facies. Clay fluorescence (orange-brown) is more 
marked beyond vitrinite reflectance of 0.75%. Inertinite and 
vitrinite tend to lose parts of their internal microporosity 
because of compaction effects at depths greater than about 
800 m. With increasing compaction, fractures tend to develop and 
fractures in vitrinite in some cases emit green fluorescing oil 
cuts. The oil cuts occur from a variety of coal microlithotypes 
and rare DOM over the vitrinite reflectance range of 0.55 per 
cent to 0.9 per cent. The yellow to green fluorescing substance 
released is very similar to oil droplets found within sandstone 
reservoirs in the Lower Eastern View-B facies. Most oil cuts 
develop a diffuse, smearing and hazy appearance on standing. Oil
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PLATE 2
Photomicrographs of oil generation features
1. WU20489, Tuna-1, 2002.5 m, Rvmax = 0.51%; field width ~
0.28 mm, reflected white light. Exsudatinite infilling 
fissures in vitrinite. Vertical exsudatinite vein cuts 
across resinite (dark grey, centre of photograph).
2. As for No.l, but in fluorescence mode. Bright yellow
fluorescing exsudatinite may be derived from adjacent 
resinite (pale green) and is indicative of mobilization of 
hydrocarbons within the coals.
3. WU20488, Tuna-1, 1956.8 m, Rvmax = 0.52%; field width =
0.18 mm, reflected white light. Vitrinite.
4. As for No.3, but in fluorescence mode. Intercellular spaces 
emitting greenish yellow fluorescing oil cuts (smearing) 
indicating liquid hydrocarbon generation in early maturation 
stages.
5. WU20497, Tuna 1, 2996.1 m, Rvmax — 0.86%; field width —
0.22 mm, fluorescence mode. Oil droplets (yellow-orange) 
within sandstone pores.
6. WU20516, Kingfish-7, 2408 m, Rvmax = 0.51%; field width =
0.18 mm, fluorescence mode. Oil droplets in the reservoir 
horizon in the Gippsland Basin.
7. WU21058, Domi-1, 2150 m, Rvmax = 0.53%; field width =
0.22 mm, fluorescence mode. Oil cuts (green-greenish
yellow) exhibit in vitrinite layers. 8
8. WU21058, Domi-1, 2150 m, Rvmax = 0.53%; field width =
0.22 mm, fluorescence mode. Oil cuts (top, centre, green)
and chalcedony (yellow) in vitrinite layers. *
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staining near some cracks is also observed and is presumed to 
have developed during the grinding/polishing procedure. These 
phenomena appear to indicate that hydrocarbons can be expelled 
and migrated out of the pore structure of the coals.
5.7.2 Geochemical Features
The hydrocarbon extract curves show that peak yields occur in the 
range Rvmax 0.4% to 0.6% at the threshold of what is normally 
considered to be the oil window. This also coincides with the 
occurrence of the reservoir horizons in the well samples (Figure 
5.38). It should be noted, however, that the washing procedure 
should have removed contamination by reservoired oil and that the 
profiles of the n-alkanes in the extracts from horizons near the 
reservoir show some systematic differences from the oils (see 
Figures 5.29-5.30) . This peak of extract yield is at a lower 
vitrinite reflectance than commonly reported (Tissot and Welte, 
1978). Hydrocarbon extract yield decreases progressively to below 
10 mg/g down section in Tuna No.l into the Lower Eastern View-A 
facies. Sample control for maturation levels greater than Rvmax 
0.6% is weak but the data do not indicate a peak of extract yield 
within the commonly accepted principal zone of oil generation.
The pattern of extract yields for Tuna No.l is different from 
that for Kingfish No.7 (Figure 5.39) . Hydrocarbon extract
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Figure 5.38 Extraction yields of hydrocarbons and polar compounds 
as a function of organic matter maturity in Tuna No.l, 
Kingfish No.7 and the Latrobe Valley coals.
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Figure 5.39 Extraction yields of hydrocarbons and polar 
compounds versus depth for Tuna No.l and 
Kingfish No.7.
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yields for Kingfish No.7 increase more slowly than those for Tuna 
No.l and reach the highest values (5 2.9 mg/g) at 2.4 km depth. 
The gradient of extract yields over the interval sampled 
indicates that higher values may be obtained at deeper horizons 
at the location of Kingfish No.7.
Normal alkanes in extracts from coals hand-picked from the 
cuttings sample at 1652 m in Tuna No.l show the same distribution 
as those in extracts from the whole cuttings samples. The 
hydrocarbon extracts from this part of the section are therefore 
either largely derived from the organic matter in coals or the 
extracts of the DOM and the coals are very similar. This coal 
extract has a larger proportion of saturated hydrocarbons with 
ligher n-alkanes and a lower odd predominance as compared with 
the very low rank coals from the Latrobe Valley. This indicates 
that significant generation of hydrocarbons from coals occurs at 
the 0.4% vitrinite reflectance level in Tuna No.l and, as noted 
above, the form of the alkane profile suggests that reservoir 
contamination is not the source of these hydrocarbons. A higher 
proportion of ligher hydrocarbons is present in the coals at
2996.1 m (Rvmax 0.8%) .
increasing maturation, the medium molecular weight range 
alkanes, in the extracts increase, while high molecular weight 
range alkanes decrease (Figure 5.40). It is clear that the 
ratio of light hydrocarbons to heavier hydrocarbons in the
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Figure 5.40 Proportions of C 1 5 -C2 1  n-alkanes and 0 2 2 - ^ 3 2  
n-alkanes as a function of maturation in 
the Tuna No.l and Kingfish No.7.
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extracts increases during coalification. Oils from the 
reservoirs are more enriched in light-medium molecular weight 
hydrocarbons as compared with the extracts of source rocks in the 
reservoir horizons and ratios of light hydrocarbons to heavy 
hydrocarbons in the oils are similar to the ratios for the 
extracts from source rocks at about the 0.7%-0.9% vitrinite 
reflectance level. The light hydrocarbons could, however, have 
been expelled preferentially at lower ranks and it is not clear 
whether the changes in extract character down-section are 
controlled by generation only or by generation and migration.
An indication of the possible extent of the difference between 
oil and extract chemistry due to selective migration is shown 
schematically in Figure 5.41. Oil from the T—1 reservoir is much 
more enriched throughout the lower part of the molecular range as 
compared with the extracts from mature source rocks (Rvmax 0.86%) 
and from source rocks in the reservoir horizons (Rvmax 0.51%) . 
The shorter n-alkanes are relatively more abundant in the mature 
source rocks as compared with those of lower maturity, while the 
longer chain compounds are more common in the extracts from 
source rocks in the reservoir horizons. The n-alkane 
distributions of the source rocks from the reservoir horizons are 
closer to those of the oil than are the extracts from the source 
rocks within the conventionally defined mature zone.
The similarity between extracts and oils near the reservoir
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horizons could be due to contamination, notwithstanding the 
attempts to remove reservoired oil prior to extraction. 
Nevertheless, the extracts have a lower pristane/phytane ratio as 
compared with the oils (Figure 5.42). If the extracts were 
contaminated by oils, this ratio should be similar to that for 
the oils.
It is possible that the migrating hydrocarbons generated 
down-section extract soluble aliphatics from organic-rich source 
beds during migration from source units to the reservoirs. It 
can be shown in laboratory tests that organic-rich sediments such 
as coal and oil shale are partially dissolved by some organic 
solvents and the extent of this effect increases with temperature 
(Eglinton and Murphy, 1969). In organic-rich sequences, 
hydrocarbon phase solution and subsequent migration may be 
significant in the expulsion of oils from source rocks in the 
upper parts of a source sequence. This may provide a mechanism 
whereby a contribution to the light Gippsland Basin oils may 
originate from the organic—rich coal measures occurring at 
relatively low maturation levels near the major reservoirs. It 
is clear that the oil generating section has swept upwards, 
through a significant thickness of strata with abundant organic 
matter, during the history of the basin. Thus, the oils are 
likely to have been sourced from many different horizons over a 
wide range of source rock maturity. However, the evidence 
presented here indicates that the contribution from the
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Figure 5.42 Isoprenoids/n-alkane ratios as a function of organic matter maturity 
in Tuna No.l, Kingfish No.7 and crude oils.
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relatively low maturity but organic rich upper part of the 
Latrobe Group should not be neglected.
5.8 OIL-SOURCE ROCK CORRELATION
Cluster analysis of the n-alkane distributions of the oils, coals 
and source rocks (Figure 5.43), samples from oil reservoir 
horizons and organic-rich source sequences was used to test the 
similarity level of the extracts and oils. Some correlations are 
evident between composition of the oils with some of the extracts 
from the deeper source rocks in Tuna No.l. The level of 
similarity (0.3 to 0.5) is not, however, high. No significant 
differences were found between samples dominated by coal and 
those dominated by dispersed organic matter. The oils correlate 
by reservoir level rather than by field.
The pr/ph ratios of the oils are high as compared to the ratios 
of extracts, whereas pr/n-C 7̂ and ph/n— C^g ratios (see Figure 
5.44) are lower for the oils than for the extracts. This 
suggests that the oils represent accumulations which are 
selective by source horizon or by migration differences between 
groups of compounds or by both of these effects. The pr/ph 
ratios match none of the source rocks but appear to favour a 
shallow rather than a deep source. Phytane/n—C^g ratios also 
favour a shallow lower maturity source, whereas pristane/n—C 7̂ 
ratios indicate a deeper more mature source •
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SIMILARITY LEVEL
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Figure 5.43 Deharogram from cluster analysis based on n-alkane 
distribution of the crude oils and extracts from 
source rocks and Latrobe Valley coals in the 
Gippsland Basin.
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Figure 5.44 Isoprenoids/n-alkane ratios as a function of organic matter maturity 
in Tuna No.l, Kingfish No.7 and crude oils.
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Biomarker studies indicate that some correlations are evident 
between maturity parameters of the Tuna oils with some of the 
extracts from the deeper source rocks (Figure 5.45). Critical 
stereochemical changes probably occurred at low maturity levels. 
Some source distributions and oil characteristics not> 
however, correlate well with those of extracts from the deeper 
source rocks. The Tuna oils have several terrestrial source 
indicators, whereas the deeper extracts have some marine- 
terrestrial source indicators. The source parameters of shallow 
reservoir oil (L-100 oil) are rather similar to the extracts from 
interbedded coals (1652 m) . These may suggest that the oils have 
been generated in the deeper horizons and enriched by terrestrial 
source hydrocarbons during migration through interbedded coal 
measures, or have been generated in the coal measures and have 
changed their chemical properties because of the high reservoir 
temperatures. However, it is not clear whether the biomarkers of 
oil were derived from enriched coal hydrocarbons or were 
indigenous to the original oil from coal beds. Caution must be 
taken in interpreting some of the source and maturity parameters 
in terms of sterane distribution because of removal of C29 
cholestane by biodegradation.
Extract chemistry of the major components does not appear to be 
definitive in tracing the source of the oils. The use of minor 
components as indicators increases the difficulty of separating 
the source of the bulk of the oil from the effects of selective 
migration and of solvent extraction by the migrating oil.
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Figure 5.45 Plots of biomarker maturity parameters versus depth 
for Tuna No.l and oils.
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The reservoired oils appear to result from interaction of 
different sources generating at a range of levels of maturity 
with the products undergoing selective migration; these processes 
being followed by some changes within the reservoirs. Biomarker 
analyses indicate tnat biodegradation occurred moderately in the 
deeper reservoir. The high reservoir temperatures in the 
thermally active Gippsland Basin are likely to cause significant 
changes once oil has become reservoired. Therefore chemical 
characteristics imparted by a source to ”itsM oil are rendered 
more difficult to correlate with the final oil composition. This 
problem is exacerbated for small data sets.
Geochemical correlations of the oils with some deeper 
carbonaceous sediments and coals are in line with the previous 
observations made by some workers. However, these relatively 
conventional ideas favour a source from liptinite macerals such 
as sporinite, liptodetrinite, cutinite, resinite and suberinite. 
Moderate positive correlation exists between liptinite and 
saturated hydrocarbons in Tuna No.l and Kingfish No.7 but not in 
coals (Figures 5.46—5.48). Shanmugam (1985), using data for 
laboratory generated oils from the Latrobe Valley coals and 
resin, proposed that the paraffinic fraction of the oil was 
derived from coals that are enriched in cuticles, and the 
naphthenic fraction was derived chiefly from resin. The 
proportion of resinite in the Lower Eastern View—A-B facies is 
low and appears insufficient to generate the reservoired oils.
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Figure 5.46 Relationship between organic macerals and bitumen extracts for
samples from the Tuna-1.
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Figure 5.48 Relationship between organic macerals and bitumen extracts for
samples from Gippsland coals.
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Furthermore, the proportion of naphthenic hydrocarbons detected 
in the Kingfish and Tuna oils is low suggesting minimal resinite 
input. Cutinite is more likely to have made a significant
contribution. However, vitrinite-rich coals may release a high 
proportion of n-alkanes (this study and Evans etal., 1984; Rigby 
et al., 1985), suggesting that the role of vitrinite as a 
hydrocarbon source is significant.
Petrographic analyses indicate that vitrinite is the dominant 
component in both dispersed organic matter and coals within the 
Latrobe Group (this study and Smith and Cook, 1984). Much of the 
vitrinite is perhydrous and Cook and Struckmeyer (1986) reported 
the association of droplets of free oil with micrinite occurring 
in vitrinite at low (Rvmax about 0.5%) ranks. Jurg and Eisma 
(1964) reported that thermal maturation results in the cracking 
of C-C bonds. This requires more energy than breaking 
heteroatomic bonds. Due to the high heteroatomic compounds 
content of low rank vitrinite, it is probable the onset of 
hydrocarbon generation occurs from vitrinite at lower maturation 
levels as compared with most liptinite macerals. Suberinite, 
resinite and bituminite also appear to generate oil at low levels 
of maturation, but of these only suberinite is typically abundant 
in the Latrobe Group. Rigby et al. (1985) indicated from 
experiments involving hydrous and anhydrous pyrolysis of 
Victorian brown coals, that humic lithotypes are the main source 
°f n-alkanes, wheras liptinite generates branched and cyclic
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alkanes at the equivalent of low levels of maturity. With the 
equivalent of increasing sediment maturity, additional n-alkanes 
are produced from liptinitic materials except for the Yallourn 
resin.
5.9 HYDROCARBON GENERATION POTENTIAL AND OCCURRENCE FOR THE 
GIPPSLAND BASIN
The hydrocarbon generation history of the various organic matter 
facies at different locations is dependent on both the variation 
in organic matter nature and the maturity level and history. 
Hydrocarbon generation potential of organic matter in the 
sections at Tuna and Kingfish fields is given in Table 5.16. The 
marine Lakes Entrance Formation facies has a sparse content of 
organic matter and occurs at low maturation levels; hence its 
yield of hydrocarbons is low. The source potential of the Upper 
Eastern View facies is high but maturity levels are low. The 
Lower Eastern View—B facies contains abundant liptinite and 
vitrinite. Although it is immature to early mature in its upper 
section, the lower section lies within the conventionally defined 
oil window. The oils studied are reservoired within this facies 
and biomarker distributions of the oils are characterized by 
moderate maturity and derivation of terrestrial source material. 
The Lower Eastern View-A facies contains abundant organic matter 
and is at a relatively high level of maturity. The extract 
levels are relatively low, but the overall alkane profile shows
Table 5.16 Characteristics of DOM and coal In the organic matter facies In Tuna No.1, KIngfIsh No.7 and Latrobe Valley coals
DISPERSED ORGANIC MATTER COAL No. of Rvmax Source
Hydrocarbon
generation
Facies Content VItrInIte Inertlnlte Llptlnlte Content VItrInIte Inertlnlte Llptlnlte Samples (*) potential potential
Latrobe Valley absent - - - 99-100 77-94 
x = 85
1-5 4-21 6 0.2-0.32 very good poor
(Immature)
Lakes Entrance 
Formation
0 .1 - 2 33-50
—  = 44 x
0 . 1 50-67
—  = 5 9  x J*
absent - - - 6 0.29-0.34 poor poor
Upper Eastern 
View
<0.5 - - - n o t i isampled - - - 1 - poor poor In
sample
studied
Lower Eastern 
VIew-B
0.5-18 
x = 4
19-65 
x = 4 1
0.1-17
x = 12
23-78 
-x = 4 9
0 .1 - 1 2
IT“ 3
42-80
x  = 60
11-25
- =  2 0
1-44
x = 21
13 0.27-0.53 very good fair-good
Lower Eastern 
VIew-A
0.5-14 
x = 5
19-64
x = 38
6-55 
7 = 31
9-52 
x = 31
0.1-3
x = 1
50-100 
x = 85
0 .1 - 2  
7 =  1 - 6
12-17
7 =  15
14 0.52-1.16 very good good-v.good
Note: Source potential - poor; fair = 0 * ' 5 % = 2 % ;  good = 2 % - 6 % ;  v.good = > 6 % ,  by volume.
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the closest resemblance to the alkanes in the oils. The source 
rocks could be overpressured by the generation of hydrocarbons 
before the Late Tertiary in the Central Deep. However, most of 
the isoprenoid ratios and biomarkers differ from those in the 
oils. Selective expulsion of lighter hydrocarbons may have 
occurred into the upper sections of the Tuna field.
In summary, the marine Lakes Entrance Formation and interbedded 
marine sequence is discounted as a source on the grounds both of 
inadequate source potential and of thermal immaturity. The 
formation functions as. an efficient seal. The hydrocarbon 
generation potential of the Lower Eastern View-A and B facies in 
the Latrohe Group is proved good by both organic petrological and 
geochemical investigation. This observation provides a useful 
supplement to previous studies as reported by Kantsler et al. 
(1980), and Smith and Cook (1984). The organic petrological and 
geochemical studies indicate a balance of probability that 
vitrinite, resinite, suberinite and liptodetrinite are a source 
of significant amounts of migrated liquid hydrocarbons at low 
maturation levels, but other characteristics indicate a 
contribution from deep source horizons containing vitrinite,
cutinite and sporinite (this study and Burns et__al., 1984;
Stainforth, 1984). A deep source from an as yet undrilled marine 
sequence below the offshore Strzelecki Group fails on the. 
principle of least action, but also is in conflict with most 
ideas on the formation of basins (Cook and Struckmeyer, 1986). A
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deep algal-rich lacustrine source is possible in basin history 
terms but appears unlikely on the basis of the biomarker 
evidence.
Geochemical evidence indicates that oils within the reservoir of 
both Tuna and Kingfish fields are mostly derived from terrestrial 
sources in the coal related lithologies. This organic matter 
belongs to the Lower Eastern View-B and rare A facies with some 
indications that generation within the reflectance range 0.4% to
0.6% is significant. The Tuna oils contain more heavy fractions 
than the Kingfish oils. Oils from the shallow reservoirs are 
more enriched in light molecular weight hydrocarbons as compared 
to the lower reservoirs. This could be due to more effective 
migration of the ligher fractions or a greater representation in 
the upper reservoirs of light oils. The biomarker study 
indicates that the lower reservoir oil is more biodegraded than 
the shallow reservoir oil. These observations suggest a complex 
interaction of different sources generating at a range of levels 
of maturity with the products undergoing selective migration and 
some changes within the reservoirs. The high reservoir 
temperatures in the thermally active Gippsland Basin are likely 
to cause significant changes within the reservoirs. The Lower 
Eastern View-A facies is mature and contains abundant DOM and 
coal. It is possible that the upper section of this facies could 
have generated significant liquid hydrocarbons and migration 
could have occurred into the Lower Eocene sandstone reservoirs.
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Although the extract levels are relatively low, the overall 
biomarker maturity profile shows the closest resemblance to the 
maturity in the oils. The oils could be enriched by coal-derived 
hydrocarbons in the reservoir1s interbedded coal measures. Where 
high-pressure zones exist (as a result of the deposition of thick 
shales and siltstones in the deeper sections) vertical migration 
of liquid hydrocarbons is inhibited from the deeper sections, and 
selective expulsion of lighter hydrocarbons may have occurred 
into the upper sections of the Tuna field. In these high 
pressure zones there is evidence of selective loss of some 
macerals, presumably by both breakdown and by solution in 
hydrocarbon bearing fluids (Cook, 1987, pers.comm.) .
In the offshore Gippsland Basin, prolific oil fields are within 
the structural or stratigraphic traps in the Central Deep, where 
temperatures are relatively high (80-10O°C). The "oil 
province" of Threlfall et al. (1976) shows temperature history 
approximating the gradthermal model of Smith and Cook (1984). 
The sediments experienced moderate heating in the pre-45 Ma 
period but extremely rapid burial in the post-20 Ma period 
exposed the sediments to increasingly higher temperatures. The 
oil province includes areas such as the Halibut, Kingfish, 
Mackerel and Cobia fields. In contrast, the gas province and 
some gas/oil provinces have temperature histories closer to the 
isothermal model, because the sediments experienced an early 
phase of heating in the pre-45 Ma period. The province includes
241
areas such as Barracouta, Marlin, Snapper and Tuna fields, where 
temperatures of reservoirs are relatively low-moderate 
(75°-95°C). These indicate that hydrocarbon generation occurred 
later in the Central Deep area (oil province) than in the inshore 
parts of the Central Deep.In the oil province the regional seal was 
deposited before the majority of the source rocks were mature 
for oil generation (Late Tertiary). Early generated oil in the 
nearshore part of the basin (i.e., Marlin Field) could have been 
lost as generation commenced prior to the deposition of the 
regional seal. Brown (1977) suggested oil occurred in 
early-formed traps and gas accumulated in late-formed traps. The 
controls on hydrocarbon distribution in the basin are probably 
more complex with dependance on the timing of maturity, and 
therefore on organic matter type rather than only the timing of 
trap formation. Barker's (1979) concept of oil and gas 
distribution and deltaic sequences being controlled by organic 
matter type does not fit the Gippsland data. From this, it can 
be inferred that in some other deltaic settings the controls on 
gas and oil distribution may relate better to the Gippsland model 
than to the Barker model.
5.10 ASPECTSOF MIGRATION AND ENTRAPMENT
The Lower Eastern View-A and B facies of the Latrobe Group 
contains porous and permeable sand bodies which provide a highly 
efficient lateral migration. Numerous normal faults might allow
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vertical migration by offsetting intra—Latrobe seals in the 
Gippsland Basin. The impermeable Seaspray Group overlying the 
Latrobe Unconformity provides a good seal. Several factors 
associated with migration and entrapment in the basin are given 
in Table 5.17.
Trap configuration in the basin consists of en-echelon NE-SW 
oriented anticlinal domes associated with the E-W, right-lateral 
shear faults. These anticlines are sealed by marls and mudstones 
of the Lakes Entrance Formation. The anticlines developed in the 
Eocene and continued to develop through the Oligocene to the 
Miocene. Brown (1977) suggested that early migrated oil (before 
the Eocene) was lost due to lack of seals in the northern part of 
the basin. Buried topographical features on the Latrobe surface 
at Kingfish and Cobia field are critical elements in the trap 
mechanism for these fields. Accumulation of oil must have 
occurred after these topographic features became buried. The 
lack of biodegraded oil in Kingfish suggests that the reservoirs 
were not charged prior to the development of that seal.
A large freshwater aquifer system occurs in the upper Latrobe 
Group along the northern and western margins of the basin. This 
indicates that significant volumes of hydrocarbons were emplaced 
prior to the formation of the freshwater aquifer system by the 
end of the Miocene (Kuttan et al., 1986) • This hydrodynamic 
system could be facilitated by the laterally porous fluvial to 
littoral reservoir units and near vertical fault systems in the 
Latrobe Group.
Table 5.17 Some factors controlling migration and entrapment 
in the Tuna and Kingfish fields (data from Bein et al., 1973;
0TByrne and Henderson, 1983)
Tuna field Kingfish field
Reservoir depth (km) 1.3-1.4, 1.6-1.7 
1.9-2.0, 2.6-2.65
2.2-2.4
Sorting Good Good
Porosity 18-26% 17-22%
Water saturation 75% 11-42%
Permeability 500 md-1000 md 50-1000 md
Aquifer system Extensive Extensive
Trap configuration Anticlinal dome Anticlinal dome
Seal Stratigraphic/
structural
Stratigraphic/
structural
Diagenesis Mature Mature
Maximum thickness of 
sandstone 84.5 m - 122 m 82 m
Sandstone Deltaic-stream bar 
- beach-flood 
plain
Braided stream- 
beach
Pressure 2350-2900 psig 3303 psig
Temperature 82° C 92° C
Gravity (oil) 45° Api 47° API
Pour Point (oil) 16° C 15° C
Reservoir unit M—1, L-110, T-l, 
C-l
M-l.l to M-1.7
CONCLUSIONS
1. The Gippsland Basin is a continental-margin type basin which 
has a Tertiary-Cretaceous tectono-sedimentary history. 
Major terrestrial sequences were deposited in the Early 
Cretaceous to Eocene. Marine sediments have been deposited 
since the Upper Eocene to Recent in both the onshore and 
offshore parts of the basin. The inshore region of the 
basin underwent rapid and deep burial metamorphism in the 
Late Cretaceous-Early Tertiary. The distal part of the 
Central Deep of the basin experienced lower rates of early 
burial and rapid burial in the post-20 Ma period.
2. Four organic matter facies in the study area are observed. 
These are, in sequence up the succession: the Lower Eastern 
View, the Upper Eastern View, the Latrobe Valley and the 
Lakes Entrance Formation facies. Most of the organic matter is 
ih coalmeasures and of terrestrial origin in the Lower and 
Upper Eastern View and the Latrobe Valley facies, and marine 
sourced organic matter is present in the Lakes Entrance 
Formation facies. The oil generation potential of the Lower 
Eastern View A and B facies is good because of the presence 
of abundant, orthohydrous-perhydrous organic matter and a 
marginally mature to high level of maturity. The source 
potential of the Upper Eastern View facies is good but 
maturity levels are low. Units in the marine Lakes Entrance
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Formation facies and the interbedded marine sequences have 
inadequate source potential and are thermally immature.
3. Organic petrological and geochemical observations suggest 
conditions for oil and gas generation and migration were 
optimal in the Lower Eastern View A and B organic facies. 
The general form of the relationship between the extract 
yield and reflectance indicates peak extract yields in the 
range of 0.45% to 0.6% reflectance. This supports 
petrographic evidence that generation of significant amounts 
of oil occured in the Gippsland Basin at low maturation 
levels. However, some extract data could indicate a deeper 
contribution from more mature source rocks. Biomarker 
maturity parameters of the Lower Eastern View-A facies show 
the best match with those of the oil. The oils could be 
enriched by coal-derived hydrocarbons partly due to primary 
generation by the coals and partly due to solvent effects 
from more deeply sourced oil moving through the coals.
4. No significant difference in extract character was noted 
between samples dominated by coal and those containing only 
dispersed organic matter.
5. Oil geochemical evidence indicates that oils within the Tuna 
and Kingfish fields are mostly terrestrial in origin and 
have been generated from the coal-bearing Latrobe Group
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succession. The evidence for this is:
1) high wax content of oil (16-28%);
2) high pristane to phytane ratio (5.0-9.0);
3) similarity of n-alkane distribution in oils, to that in 
extracts from DOM, and coals; and
4) predominance of C29 steranes in the oil.
The Tuna oils have more heavy fractions than the Kingfish 
oils. Oils from the shallow reservoirs are more enriched in 
light molecular weight hydrocarbons as compared with the 
deeper reservoirs. The deeper reservoir oil is more 
biodegraded than the shallow reservoir oil. Cluster 
analysis of the alkane profiles indicates a high degree of 
similarity between the oils, but suggests that within-field 
similarity levels may be lower than between-field similarity 
levels for similar levels in the stacked reservoirs.
6. The development of geographically discrete oil and gas 
provinces in the Gippsland Basin may depend mainly on the 
relation of the timing of hydrocarbon generation to the 
formation of trap structures rather than to differences of 
the distribution of the organic matter type and sedimentary 
facies. Organic matter type does, however, influence the 
level of maturation at which oil generation occurs and has, 
therefore, an influence on the generation/trapping
relationships.
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CHAPTER SIX
HYDROCARBON GENERATION POTENTIAL OF SOUTHERN 
AND SOUTHEASTERN KOREAN CONTINENTAL SHELF
6.1 ORGANIC PETROLOGICAL COMPOSITION
Cuttings samples from four oil exploration wells drilled in the 
southern and southeastern Korean continental shelves (Fig. 6.1) 
were studied with an emphasis on organic petrology. All samples 
are from Cenozoic sedimentary sequences. Summaries on organic 
petrology and grain sizes of mineral matrices for these samples 
are presented in Tables 6.1 to 6.4. The organic matter 
abundances represent volume per cent. Significant vertical and 
lateral variations in organic matter type and abundance occur 
within the sections intersected by Dolgorae-A, Sora-1, Domi-1 and 
JDZ-VII-1 wells. In general, a high proportion of the organic 
matter occurs as coal-related carbonaceous DOM and as coal. Rare 
organic matter occurs within marine—sourced mudstones, sandstones 
and siltstones.
Variations in type and abundance of organic matter can be 
demonstrated vertically or laterally (Cook, 1982a; Smith and 
Cook, 1984). Organic facies for the Cenozoic sections of the 
Korean Continental Shelf have not previously been designated but
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iigure 6.1 Location map for sampling in the southern and 
southeastern Korean Continental shelves and 
schematic section A-A1.
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Table 6.1 Abundance and type of organic matter In Dolgorae-A
Sample No. 
Depth 
(m)
Volume 
( % )  
DOM 
Coal
Composition 
(2,V-I-L) 
DOM 
Coa 1
Description
1. Matrix 2. Abundance and fluorescence of llptlnlte or 
mineral matter 3. Coal llthotype
20963
940
2 . 2 46-27-27 1 . sand>s!Itstone 2 . 1 Ipt>alg>res, greenish yellow 
3. no coals
20965
2534
2 . 1 40-10-50 1 . sandstone dominant 2 . 1 Ipt>alg>cut, bright-medium 
yellow 3. no coals
20966
2746
<1 . 0 82-0-18 1 . silt>claystone 2 . alg>res>spo>lIpt, yellow to dull 
brown 3. no coals
20967
2858
<1 . 0 62-3-35 1 . si 1t>clay>sandstone 2 . alg>spo>lIpt>res, yellow to 
dull brown 3. no coals
20968
3042
2 . 1 36-9-55 1. si 1t>claystone 2 . alg>lIpt>spo, orange to brown 
3. no coals
20969
3214
2 . 6 42-5-53 1 . sand>sl1t>claystone 2 . IIpt>res=spo 3 « no coals
20970
3378
<2 . 0 75-0-25 1 . clay>sand>sIItstone 2 . very rare llptlnlte, yellow 
flu In sand/sllt grain 3. no coals
20971
3454
1.4 71-29-0 1. sand>slIt>claystone 2. yellow bitumen In sand grain 
3. no coals
20972 . 
3838
<1 . 0 78-22-0 1 . sand>sl1t>claystone 2 . mineral matter fluorescence, 
dull yellow 3. no coals
20973
4066
1.7 78-22-0 1 . si 1 t>clay>sandstone 2 . mineral matter fluorescence, 
no llptlnlte flu 3. no coals
20974
4230
<0.5 75-25-0 1 . sIIt>sand>claystone 2 . no llptlnlte fluorescence 
3. no coals
Table 6.2 Abundance and type of organic matter In Sora-1
Sample No 
Depth 
(m)
. Volume
' t rr
DOM
Coal
Composition
IM-I-LT'
DOM
Uoal
Description
1. Matrix 2. Abundance and fluorescence of Jlptlnlteor 
mineral matter 3« Coal 1Ithotype
20977
920
<2
<0.5
70-0-30
V»L
1 . clay>sl1t>sand 2 . res>cut, green-yellow to bright 
yellow 3. vltrlte>clarJte, very rare Inertlnlte
20979*
1 2 2 0
18.8
46.5
28-0-72
66-2-32
1 . coaJ>clay>slIt 2 . spo>res>cut>lIpt>sub, green-yellow 
to medium yellow 3. clarIte>vItrIte>duroclarJte
20980
1460
3.9
2.4
37-9-54
75-0-25
1 . sllt>clay>sand>shale coal 2 . 1 Ipt>spo>cut>res, medium 
yellow to weak orange 3. vltrlte>clarlte
20981
1650
7.2
2 . 8
26-7-67
79-0-21
1 . clay>sl1t>sand>carbonate 2 . 1 Jpt>spo>res>cut, weak 
yellow to weak orange 3. vJtr!te>clar!te
20982
1870
5.0 24-4-72 1 . sand>sl 1 t>claystone 2 . 1 lpt>spo>C'jt, weak yellow to 
medium orange 3. no coal
20983*
1890
9.1
8 6 . 8
94-0-6
53-5-42
1 . coal>shaly coaI>clay 2 . spo>lJpt>res>cut>f1u>sub, 
yellow to weak brown 3. vltrIte>clarlte
20984
1980
5.9
0.5
24-7-69
V>L
1 . si 1t>clay>sand 2 . 1 Ipt>res>spo>cut, medium orange to 
weak brown 3. vItrite
20985
2055
3.7 32-6-62 1 . clay>s!1t>sandstone 2 . 1 Ipt>spo>res>cut, orange to 
weak brown 3. no coals, bitumen common
20986
2180
1.9 20-75-5 1 . si 1 t>clay>sandstone 2 . rare llpt, mineral matter 
fluoresce green to dull yellow 2 . no coals
20987
2250
2 . 0 27-64-9 1 . c!ay>sl1t>sandstone 2 . llptlnlte rare but resinIte 
occurs orange to brown 3. mud additive present
20988
2310
2.9 33-44-22 1 . clay>sand>sl1t>carbonate 2 . 1Ipt>res>cut>spo, dull 
orange to brown 3. no coals
20989
2475
1.3 29-57-14 1 . clay>sand>sJ1t>volcan!cs 2 . 1 Jpt>res>spo>cut, weak 
orange to brown 3. bitumen occurs In sand grains
20990
2739
<0.5 l>V 1 . conglomerate>sand>red shale>volcan!cs 2 . very rare 
spo=cut=lIpt, dull orange 3. pyrJte common
20991
2856
<0.5 l>V 1 . cong1omerate>red shale>volcan!cs>sand 2 . rare 
llptlnlte, mineral matter fluorescence, yellow to brown
20992
3084
1 . 8 20-80-0 1 . sand>conglomerate>sIIt 2 . rare llptlnlte, mineral 
matter flu
20993
3150
3.1 42-58-0 1 . s1 1t>san d>cong1omerate>cI ay 2 . rare llptlnlte, 
mineral matter fluoresces yellow to orange
* denotes hand-picked coal and/or shaly coal
Table 6.3 Abundance and type of organic matter In DomI-1
Sample No 
Depth 
(m)
Volume 
- T T T  
DOM 
Coal
Composition 
"IT,Y-R_r 
DOM 
üoal
Description
1. Matrix 2. Abundance and fluorescence of llptlnlte or 
mineral matter 3. Coal IIthotypes
21051 <0.5 50-0-50 1 . clay>sand>slItstone 2 . spo>cut>lIpt>al g, yellow to
950 • medium bright yellow 3. no coal
21052* <1 80-0-10 1 . shaly coaJ>coa1>cI ay 2 . spo>res>lIpt>cut, green to
1240 23.8 82-0-18 dull brown 3. vltrlte, clarlte, rare duroclarlte
21053 <0.5 80-0-20 1 . clay>sand>coal 2 . cut>spo>lIpt, yellow to dull brown
1380 2 . 0 83-0-17 3. vltrlte>clarIte
21054 2 . 1 90-0-10 1 . clay>slIt>sand>coal 2 . cut>res>lIpt, green to
1570 <0.5 95-0-5 yellow-orange 3. vltrlte
21055* <tr V>L 1 . coal>shaly coal 2 . sub>res>spo>lIpt>cut, non
1895 87.5 74-0-26 fluorescent sub to orange 3. vltrlte, clarlte
21056 2.7 57-0-43 1 . clay>sl1t>shaly coal>sand 2 . sub>spo>cut>res=lIpt,
2 0 0 0 18.0 65-7-28 medium yellow to dull brown 3. vltrlte, clarlte, 
duroclarlte
21058* - - 1 . coal 2 . res>sub>spo>1 Ipt>cut>fIu, green-yellowish to
2150 97.2 39-5-56 dull brown, mlcrlnlte, oil cut present 3 . 
clarlte>vltrlte
21057 17.2 43-0-57 1 . clay>coal>sIItstone 2 . 1 Ipt>spo>res>cut, weak yellow
2255 16.2 57-3-40 to dull brown 3. vltrlte>ciarlte
21059 6 . 2 40-20-40 1 . clay>sand>coal>carbonate 2 . res>spo>cut>sub, dull
2360 2.5 70-5-25 yellow to brown 3. clarlte, duroclarlte, vltrlte
21060 <2 58-12-30 1 . clay>sl1t>sand 2 . res>spo>cut, dull orange to dull
2484 <1 80-0-20 brown 3. vltrlte, clarlte
21061 3.0 80-5-12 1 . clay>sl1t>sand>coal 2 . res=spo=lIpt=cut, dull orange
2607 <0.5 50-0-50 to brown 3. clarlte=vItrIte
21064* 16.1 42-0-58 1 . coal>clay>sIIt 2 . res>lIpt>spo>cut>sub, yellow to
2736 49.9 8 6-6 - 8 medium orange 3. vltrlte>clarlte
21063 2 . 0 71-17-12 1 . clay>sî1t>sand 2 . 1 Ipt>spo>res, dull orange to brown
2793 <0 . 1 3. vltrlte
21065 3.6 67-0-33 1 . clay>sl1t>coal>sand 2 . 1 Ipt>spo>res, weak orange to
2898 12.3 76-5-19 dull brown 3. vItrlte>clarlte
21068* 18.3 43-25-33 1 . shaly coal>coal>clay 2 . 1 Ipt>spo>res, weak orange to
3021 36.7 83-0-17 brown 3. vltrlte>clarlte
21067 4.5 49-9-42 1 . clay>sl1t>sand>carb 2 . spo>res>lIpt>cut, weak orange
3192 to brown
* denotes hand-picked coal and shaly coal
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Table 6.4 Abundance and type of organic matter In JDZ-VII-1
Sample No 
Depth 
(m)
. Volume
— r j n ~ ~
DOM
Coal
Compos 111on 
(J&,V-I-LT' 
DOM 
Coa I
Description
1. Matrix 2. Abundance and fluorescence of llptlnlteor 
mineral matter 3. Coal 1Ithotype
20404
751
2.7
2 . 6
69-0-31
90-0-10
1. clay>sl1t>sand>coal 2. res=l Jpt>spo>cut>alg, green to 
bright yellow 3. vitr!te>c!arJte
20405
970
4.0 48-0-52 1 . si 1t>clay>sandstone 2. cut>alg=lIpt>spo, bright 
yellow to yellow 3. no coals
18018
1180
3.1
<1
68-0-32
85-0-15
1 . clay>carbonate>s!1t 2 . 1 Ipt>cut>res>spo, bright 
yellow to orange 3. v!tr!te>clar!te
20406*
1375
27.5
<1
37-0-63
80-0-20
1 . clay>shale>s!ltstone 2 . 1 lpt>res>cut>alg>spo, green 
to yellow 3. clarlte, vltrlte
20407* 
• 1549
10.5
36.0
53-0-47 • 
70-2-28
1 . shaly coal>coal>shale 2. res>cut>spo>lIpt, bright 
green .to dull brown 3. clarlte, vltrlte, duroclarlte
18019*
1669
48.3
<1
94-0-6
90-0-10
1 . shale>sl1t>shaly coal 2 . res>JJpt=cut, greenish 
yellow to orange 3. vltrlte, clarlte
18020
1804
5.4
<0.5
71-0-29 
90-0-10
1 . shale>sl1t>coal 2 . cut=lIpt>spo>res, medium yellow to 
orange 3. vltrlte
1 7689 
1825
14.4
14.4
60-0-40' 
75-0-25-
1 . shale>shaly coal>coal>s!lt 2 . res>lJpt>spo>cut, green 
to yellow-medium orange 3. clar!te>v!trite
20408
1909
12.7
<2
66-0-34
90-0-10
1 . shale>sl1t>sand 2 . res>spo=lJpt>cut, green to dull 
orange 3. clarIte>vItrIte
20409
2179
2 2 . 1
<2
55-0-45
90-0-10
1 . shale>sl1t>sand 2 . spo>cut>res>lIpt, yellow to dull 
orange 3. vltrJte>clar!te
17690
2330
5.6
<0.5
90-2-8
90-0-10
1 . shale>sI1t>sand 2 . spo>cut>res>lIpt, yellow to dull 
orange 3. vltrlte
* denotes hand-picked shaly coal
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Table 6.4 Abundance and type of organic matter In JDZ-VII-1 (cont'd)
20410 11.3 74-0-26 1. shale>sllt>sand>coal 2. spo>res>cut, yellow to dull
2380 3.2 95-0-5 orange 3. v!trlte>clarIte
20413 2.5 79-0-21 1. sllt>sand>shale 2. spo=res=cut, yellow to dull orange
2595 <0.5 V>L 3. vltrIte>clarlte
20414 5.1 70-0-30 1. sI1t>sha1e>c1ay>sand 2. cut>spo=1Ipt>res, yellow to
2670 • dull orange 3. no coals
18021 4.3 60-3-37 1. shale>sl1t>sand 2. spo>cut>res, medium yellow to
2770 light brown 3. no coals
18022 4.3 62-8-30 1. shale>sI1t>c1ay>sand 2. 1Ipt>spo>cut, orange to brown
2815 3. no coals
20415 2.1 73-7-20 1. silt>clay>sand 2. spo=cut=!Ipt, weak orange to brown
2920 3. no coals
20416 8.0 46-0-54 1. shale>s?lt>coal 2. 1Ipt>cut>spo>res, green-yellow to
3019 <2.0 57-0-43 orange 3. vltrJte, clarlte
20417 3.1 81-0-19 1. s!lt>shale 2. spo>cut, medium orange to dull orange
3070 3. detrov!tr!n!te>telovItr!n!te
20418 2.8 53-7-40 1. sI1t>shale>sand 2. 1Ipt>cut, medium orange to dull
3253 orange 3. no coals
20419 3.6 52-37-11 1. shale>sI1t>sand 2. spo=cut, medium orange to dull
3361 brown 3. no coals, cavings
20421
3555
2.3 80-20-0 1. shale>s!Jt 2. rare llptlnlte 3. no coals
20422 2.0 67-33-0 1. shale>s!1t>sand 2. 1Ipt=cut, dull brown-dark brown
3850 — 3. no coals
20423
4095
2.0 75-25-0 1. shale>sllt>sand 2. no llptlnlte fluorescence 3. no 
coals, organic matter Is barren
20424
4147
<0.5 l>V 1. shale>sllt 2. no llptlnlte fluorescence 3. DOM very 
sma11 size
20425 <0.5 V>l 1. shale>sl1t>carbonates 2. yellow fluorescence In
4297 carbonates, llptlnlte Is difficult to Identify
20426 4.1 52-48-0 1. shale>sl1t>sand>carbonate 2. mineral matter
4381 2.1 80-20-0 fluorescence 3. vltr!te>InertIte
20446 3.2 60-40-0 1. shale>sl1t>carbonate 2. most fluroescence of DOM
4429 — comes from cavings
20447
4480
<2.0 50-50-0 1. shale>sllt>carbonates 2. no llptlnlte fluorescence
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three different geological sequences have been recognised (KIER, 
1980; Kim and Chang, 1981; KIER, 1982; Park, 1984; Chun et al.,
1986). These sequences are:
1. Oligocene to Early Miocene
2. Late to Middle Miocene and
3. Pliocene to Recent.
The thicknesses and depositional environments for these sequences 
are given in Table 6.5. The Early Miocene sequence is recognized 
to be a basal unit of the Neogene age in the area (Park, 1984). 
This sequence consists of conglomerates, pebbly sandstones, 
sandstones and thin coal seams. These rocks occur at the deeper 
parts of Domi-1 and Sora-1. The entire sequence intersected in 
Dolgorae-A is marine. This sequence was deposited on the 
continental slope and in a deep marine setting (KIER, 1982) .
The Late to Middle Miocene sequence is represented in the Sora-1, 
Domi-1 and JDZ-VII-1 wells. This succession commonly consists of 
claystones, coal seams, siltstones and sandstones. In the south­
eastern Korean Continental Shelf area, the sequence intersected 
in Dolgorae-A consists of turbiditic sandstones, siltstones, 
claystones and dark grey shales. The Pliocene to Recent sequence 
intersected in the overall area consists of dark grey silty 
claystones, and fossiliferous and tuffaceous sandstones.
The organic matter distribution in the southern and southeastern
Table 6.5 Depositional environment and thickness of the Cenozoic sequences from the wells in Korean continental shelves
Average Thickness (m) (Depth Range)
Sequence Environment Dolgorae-A Sora-1 Domi-1 JDZ-VII-1
Recent- Shallow 419 289 354 1031Pliocene marine (221-640) (151-440) (145-499) (104-1135)
Late to Fluvio-deltaic — 928 2000 3351MiddleMiocene Marine 1180 (440-1368) (499-2630) (1135-4486)
Early Alluvial fan
(640-1820)
1800 712Miocene
Marine 2445(1820-4265)
(1368-3168) (2630-3212)
-
(Data compiled from KIER, 1980, 1982; Kim and Chang, 1981; Park , 1984; Chun et al., 1986)
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Korean Continental Shelf exhibits systematic variations in both 
type and abundance. These variations can be referred to as 
organic facies. The facies were defined using maceral analysis 
on the petrology of the dispersed organic matter and the coals. 
The organic facies recognized are:
1. Yangbug facies (Oligocene to Miocene, non-marine sequences)
2. Yeonil facies (Miocene, marine sequences) and
3. Late Neogene facies (Pliocene to Recent, marine sequences).
All these facies are developed in both the Tertiary Korean 
offshore and onshore areas. The Yangbug facies is divided into 
two sub-facies; the Upper Yangbug facies (fluvio-deltaic
sequences) and the Lower Yangbug facies (alluvial sequences). 
The Late Neogene facies is representative of the uppermost part 
of the Cenozoic sequence.
6#1,1 Lower Yangbug Facies (Oligocene to Early Miocene)
The Yangbug facies is largely confined to the deeper parts of 
Sora-1 and Domi-1. This facies consists of sandstones, 
siltstones, claystones, conglomeratic-pebbly sandstones and 
conglomerates deposited as alluvial fans. Organic matter is of 
predominantly terrestrial origin. DOM contents range from 0.5% 
to 9% (x 4%) by volume. In the samples studied, the DOM 
comprises 20%-94% (x=40%) vitrinite, trace - 80% (x = 25%)
inertinite and trace - 72% (x = 35%) liptinite. This organic
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facies is characterized by high inertinite contents. Vitrinite 
of the Yangbug facies is common m  all lithologies occurring as 
layers, laminae, stringers and fragments. Telovitrmite commonly 
occurs in claystones and siltstones. Inertinite occurs mainly as 
inertodetrinite and semifusinite. Resinite, sporinite, cutinite 
and liptodetrinite have weak orange to dull brown fluorescence in 
the samples studied.
Thin coal seams comprise 53%-86% (x = 75%) vitrinite, 8%-42% (x = 
22%) liptinite and tr—6% (x = 3%) inertinite. These coals vary 
from low-volatile to medium-volatile bituminous rank. The 
microlithotypes present are vitrite, clarite and duroclarite.
Substantial amounts of organic matter are present in sequences of 
the Korean Continental Shelf• Due to the predominance of 
liptinite in most lithologies the DOM of all facies is 
perhydrous. The coals are orthohydrous to perhydrous because of 
the presence of common liptinite. The widespread occurrence of 
suberinite enhances source potential of the area. Fungal derived 
sclerotinite and other inertinite group macerals are minor 
components of the coals and DOM. Most of the coals, mudstones, 
siltstones and shales examined from the Yangbug facies contain 
large amounts of higher plant-derived, perhydrous organic matter 
and low contents of subhydrous organic matter. These character­
istics indicate that this facies should be a prolific source of 
hydrocarbons.
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Organic matter in coal-bearing sequences occurs as dispersed 
organic matter and as discrete coal seams. The coal beds in the 
Korean Continental Shelf area, range from a few millimeters to 
about 0.5-1 m in thickness. Cook and Struckmeyer (1986) 
mentioned that DOM associated with coals is generally similar in 
its origin, maceral composition and chemical properties to the 
organic matter in the coals but they also show some systematic 
differences. Organic matter in coal seams of the Yangbug facies 
could have played a significant role in sourcing oil and gas. 
The Yangbug facies contains an average of 16-18 per cent coal and 
shaly coal, and about 4-5 per cent DOM. If oil generation is 
considered to be related to the type and abundance of dispersed 
organic matter, it is possible that coal and shaly coal are 
potential sources for oil largely because of their abundance and 
liptinite content. The macerals in the coals and shaly coals 
intersected by Domi—1, Soya—1 and JDZ—VII—1 consist mostly of 
perhydrous liptinite and vitrinite (Fig. 6.2). Coal has been 
conventionally recognized as a source for methane. The numerous 
gas fields in northwestern Europe (Tissot, 1983) support this 
claim. Numerous workers believe that coals are incapable of 
generating liquid hydrocarbons because of low H/C contents. 
These workers have also commonly claimed that if oils were 
generated, they are not capable of expulsion and migration 
because the low molecular compounds remain trapped within coal 
structure. Recently, several authors have considered coal 
measures of the Gippsland Basin (Australia) and Mahakam Delta
Vi t r in i te
1 0 0 %
Figure 6.2 Macérai composition of some Korean southern continental shelf coals.
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(Kalimantan, Indonesia) as sources of significant oil 
accumulations (Durand and Paratte, 1983; Smith and Cook, 1984; 
Kim and Cook, 1986). Durand and Oudin (1979) and Vandenbroucke 
et al. (1983) proved that both the oil and gas of Handil and 
neighbouring fields are sourced from deep-seated Tertiary coals 
and shales in coal measure sequences of the Mahakam Delta. The 
potential of coals for generating oil is discussed in more detail 
in Chapter Eight.
6.1.2 Upper Yangbug Facies (Middle-Upper Miocene)
In Sora-1, Domi-1 and JDZ-VII-1 wells, the upper'v&n<gbug facies 
consists of fluvio-deltaic mudstones intercalated with 
siltstones, sandstones and coal seams. DOM contents of the 
facies range from 0.5% to 22% (x=5%) by volume. High proportions 
of DOM occur in coaly shales, whereas the low proportions occur 
in marine sandstones and siltstones. In the samples studied, DOM 
comprises 40%-90% (x=66%) vitrinite, trace-72% (x=28%) liptinite 
and trace—37% (x=6%) inertinite. Vitrinite is the most common 
organic matter type in all lithologies. It occurs as layers, 
laminae, stringers, lenses and fragments. Thick layers of 
vitrinite occur commonly in all lithologies. At shallow depths, 
these vitrinite layers commonly contain suberinite, cutinite, 
resinite, sporinite and liptodetrinite. Detrovitrinite and 
gelovitrinite are commonly associated with abundant liptinite. 
In carbonaceous lithologies, sporinite, cutinite, resinite, 
suberinite and liptodetrinite are commonly associated with
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vitrinite and rare inertinite. Sporinite and resinite are the 
most common liptinites in the organic facies* Most
liptinite in rocks from the deep parts of JDZ-VII-1 does not 
fluoresce* Semifusinite and inertodetrinite abundance is greater 
in the lower part of the facies than in the upper part. Rare 
fusinite occurs in some samples* Cell lumens of this fusinite 
are infilled with weak orange to brown fluorescing clay 
minerals* In general, inertinite is a minor component of the 
Upper Yangbug facies.
Bitumen occurs rarely in quartz or clay grains in the lower parts 
of the facies .The presence of fluorescent chalcedony may indicate that 
generated hydrocarbons or bitumens were included as the chalcedony 
crystallized in vitrinite fractures. Carbonates have a greenish 
yellow to dull yellow fluorescence in the samples from the upper 
facies; the fluorescence is stronger in the lower 
horizons. Some clay minerals in the Upper Yangbug facies have 
weak orange to brown fluorescence. Pyrite commonly occurs in 
veins or cleats, and as an infilling of cracks, fractures and 
cell cavities. Pyrite is often found replacing organic matter. 
Framboidal pyrite is more common than pyrite occurring as 
euhedral crystals.
Several thin coal seams occur in the Upper Yangbug facies. The 
coals comprise 50%-95% (x=78%) vitrinite, tr-50% (x=20%)
liptinite and 0-20% (x=2.0%) inertinite. These coals vary from
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sub-bituminous to low-volatile bituminous rank and are 
characterized by a high vitrinite and a medium liptinite 
content. Sporinite-rich and cutinite-rich coals are present but 
are rare. The microlithotypes present are vitrite, clarite and 
duroclarite.
Vitrite layers consist of telovitrinite, detrovitrinite and 
gelovitrinite. Some textoulminite and corpogalinite are 
associated with suberinite. Resinite commonly occurs as 
impregnations or as infillings in vitrinite cell lumens. 
Locally, rare vitrinite layers have pale green fluorescing oil 
cuts which emanate from either intercellular pores or fractures. 
Oil-staining of polished surfaces of vitrinite is common. 
Micrinite rarely occurs in thick layers of telocollinite/ 
texto-ul minite.
Clarite layers consist of vitrinite with leaf resinite, other 
resinite, fluorinite, sporinite, liptodetrinite, rare 
exsudatinite, suberinite, cutinite or a combination of a number 
of these macerals. The suberinite has a faint yellow 
fluorescence in the upper part of the sequence, but the 
fluorescence disappears with increasing depth. Some liptinites, 
mainly suberinite, fluorinite, resinite and liptodetrinite, are 
^^ftcult to detect at about 3—4 km depth because of their weak 
intensity of fluorescence and small particle size. Fluorescence 
intensity of these liptinites varies from green-yellow in upper 
parts of the section to weak brown in lower parts.
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Duroclarite layers are less common than the other microlithotypes 
and consist of interlayerad vitrinite, liptinite and inertinita. 
Inertinite occurs as sclerotinite, inertodetrinite, semifusinite 
and rare micrinite. Sclerotinite originates from highly 
reflecting fungal remains, such as hyphyae, mycelia, spores, 
plectenchyme and sclerotia and is a characteristic maceral of 
Tertiary brown coals (Stach et al., 1982). In the duroclarites 
sclerotinite occurs mostly as teleutospores.
6.1.3 Yeonil Facies (Miocene)
The Yeonil facies consists of coastal plain to shallow marine 
sandstones, siltstones and claystones. Dolgorae—A intersected 
thicker sections of this facies ranging from shallow marine to 
deep marine environments. DOM of the facies comprises 36-92.% 
(x=62%) vitrinite, trace-55% (x=24%) liptinite and trace-29% 
(x=14%) inertinite. The Yeonil facies is characterized by high 
liptinite contents. DOM contents of the facies range from
0.5%-30% (x=2%) by volume. Vitrinite is common in all 
lithologies occurring as layers, laminae, lenses, fragments and 
stringers. Detrovitrinite occurs in equal amounts as 
telovitrinite and gelovitrinite at shallow depths but 
telovitrinite is more common at greater depths. Alginite, mostly 
dinoflagellates/acritarchs and rare tasmanitids, commonly occurs 
with sporinite in the shallow marine sequences. At shallow 
depths it has a greenish yellow to yellow fluorescence.
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Liptinite is disseminated throughout the lithologies and mostly 
comprises sporinite, liptodetrinite and alginite in Dolgorae-A. 
Most liptinite in this facies has strong fluorescence in the 
upper horizons.
A thin coal and coaly shale bed occurs in JDZ-VII-1. Samples of 
these beds(from 1180 m and 1375 m depth) contain 80%-85% (x=83%) 
vitrinite, 15%-20% liptinite (x=17%) and trace amounts of 
inertinite. These coals are sub-bituminous rank and the 
microlithotypes present are vitribe and clarite. Resinite and 
sporinite are the most common liptinite in the coals. The 
resinite has a greenish yellow fluorescence.
6.1.4 Late Neogene Facies (Pliocene to Recent)
The Yeonam facies occurs in all wells studied and consists of 
fossiliferous shelly claystone, sandstone, siltstone, thin coals 
and rare carbonate. DOM contents of these rocks range from 2.0 
to 4.0% (x=3.0%) by volume. DOM comprises 48%-69% (x=60%) 
vitrinite, 31%—52% (x=40%) liptinite and traces of inertinite. 
Vitrinite occurs as poorly preserved stringers, laminae, lenses 
and disseminated particles. Detrovitrinite is more common than 
telovitrinite. Vitrinite is commonly associated with sporinite, 
resinite, liptodetrinite and alginite. Sporinite and alginite 
are common in this facies; alginite consists mostly of 
dinoflagellates/acritarchs and rare tasmanitids. The alginite 
fluoresces mainly strong greenish yellow to yellow. Framboidal 
pyrite is common in the samples.
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6.2 DEPOSITIONS ENVIRONMENT
Organic facies are related to the interaction of significant 
depositional environment and floral and climatic changes. 
Petrological studies can augment studies on sedimentology and 
palaeobotany. The petrographic composition of DOM and coal is a 
product of the depositional environment changed by the slight 
overprinting effect of post-depositional maturation or 
coalification. Interpreting the organic facies from the 
petrographic composition requires understanding of the organic 
macérai precursors. Deposition of the Lower Yangbug facies is 
probably associated with rapid subsidence and sedimentation as 
evidenced by the presence of conglomerate, gravel and massive 
sandstone. The Lower Yangbug sequence was possibly formed in a 
depositional environment consisting of braided rivers and 
alluvial plains. The presence of inertinite macérais in the 
Lower Yangbug facies indicates partial oxidation and probably 
relatively dry conditions. The inertodetrinite in the DOM 
probably originates from degraded cell walls of fusinite and 
semifusinite which were formed under slightly oxidising, dry 
conditions in a forest moor. The inertodetrinite in this facies 
is likely to be the result of a long transportation in flowing 
water or re-deposition of inertinite precursors in a sub-aqueous 
environment (see Teichmuller, 1982). Oxidising, dry conditions 
are also indicated by the presence of red beds of siltstone 
nearly barren of organic matter. Thin coal beds occurring in the
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PLATE 3
Photomicrographs of DOM in the Korean Tertiary basins
1. WU20406, JDZ-VII-1, 1375 m, Rvmax = 0.30%; field width =
0.36 mm, reflected white light. Organic-rich claystone 
containing vitrinite laminae (grey-dark) and liptinite from 
Korean Continental Shelf.
2. As for No.l, but in fluorescence mode. Sporinite (yellow 
angular-rounded), liptodetrinite (yellow specks).
3. WU20445, JDZ-VII-1, 860 m, Rvmax = 0.19%; field width =
0.14 mm, fluorescence mode. Highly fluorescing (green-
greenish yellow) alginite (dinoflagellates/acritarchs) from 
Upper Neogene marine sequence.
4. WU20405, JDZ-VII-1, 940 m, Rvmax = 0.19%; field width -
0.28 mm, fluorescence mode. Mudstone containing abundant 
lamalginite, derived in part from Pediastrum (weak orange 
with well preserved structure).
5. WU21219, Pohang-B, ';25.6 m, Rvmax = 0.36%; field width =
0.16 mm, fluorescence mode. Mudstone consisting common
lamalginite (yellow, well preserved structure), derived from 
dinoflagellates/acritarchs from marine Pohang sequence.
6. WU21243, Pohang-F, 550.8 m, Rvmax = 0.46%; field width =
0.08 mm, fluorescence mode. Mudstone containing sparse
telalginite (bright yellow, derived from unicellular alga 
Tasmanites; bottom left) and common lamalginite (orange, 
derived from dinoflagellates/acritarchs).
7. WU21236, Pohang-G, 424.4 m, Rvmax = 0.40%; field width =
0.28 mm, fluorescence mode. Common lamalginite from the 
Yeonil Group.
8. WU21241, Pohang-F, 412 m, Rvmax = 0.39%; field width =
0.28 mm, fluorescence mode. Well preserved dinoflagellate / 
acritarch structures from the Yeonil Group.
9. WU20977, Sora-1, 920 m, Rvmax = 0.38%; field width =
0.28 mm, fluorescence mode. Sporinite (bright yellow, well 
preserved cell structure) in organic-rich claystone from the 
Korean Continental Shelf.
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uppermost part of the facies
plains. The more 
indicates a forest
may have been deposited in swamps of alluvial 
common occurrence of vitrite than liptinite-rich clarite 
swamp environment.
The Lower Yeonil facies sequence is probably associated with moderate to rapid 
subsidence and sedimentation in environments ranging from fluvio-deltaic to deep 
marine. In the fluvio-deltaic sequences (samples mostly from Sora-1, Domi-1 and 
JD2 VII-1 wells), both vitrinite and liptinite are predominant macerals.
Telovitrinite (vitrinite A) is derived mostly from incompletely gelified xylem 
and cortex tissues of woody steams, barks and roots deposited in an aerobic 
environment. Detrovitrinite (vitrinite B) however originates from intensively, 
biochemically decomposed and gelified attritus from a variety of soft plant 
tissues. The diagnostic value of gelovitrinite, with regard to environment of 
deposition is in some doubt (Teichmuller, 1982; Diessel, 1986). In addition to 
the main precursors of vitrinite such as humic and fulvic acid fractions of 
cellulose, lignins and tannins, early incorporation of lipids is possible 
(Teichmuller, 1982). Teichmuller (1962) designated four peat-forming 
environments: forest terrestrial moor, forest moor, reed moor and open moor.
Presence of liptinite macerals and in particular high concentrations of 
sporinite indicates sub-aqueous deposition (Diessel, 1986). Liptinites 
originate from hydrogen-rich plant materials such as sporopollenin, cutin, 
suberin, resins, waxes, balsams, latex fats and oils as well as bacterial 
degradation products of proteins, cellulose and other carbohydrates 
(Teichmuller, 1982). Diessel (1982, 1986) indicated that spores and pollen may
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bs produced in many parts of swamps but most are preserved among 
reeds of the limnotelmatic zone; cutinite is preserved in forest 
moor zones; the presence of appreciable quantities of resinite 
may be indicative of a forest moor condition; and the presence of 
alginite is indicative of a freshwater to hypersaline 
environment typically with relatively clear water unobstructed by 
higher plants.
According to these indications, the deposition of the upper 
Yajr^bug facies in the area of Sora-1, Domi-1 and JDZ-VII-1 wells 
could be associated with cool-temperate and possibly slightly dry 
conditions between forest moor and forest swamp environments. 
Presence of vitrite and liptinite-rich clarite supports the 
forest moor and/or forest swamp model bul- the presence 
of spore-rich duroclarite suggests that, to some extent, 
subaquatic ooze deposits occur locally in the Upper Yangbug 
facies sequences. The high detrovitrinite content relative to 
telovitrinite indicates much humic degradation and a relatively 
high water table. KIER (1980) reported that coniferous 
palynomorphs are dominant in rocks of the Yangbug Group in the 
Pohang area. Resinite and fluorinite are commonly present in the 
Upper Yangbug coals. Resins form as secretions in some cells and 
found in temperate climates, particularly in conifer wood 
(Teichmuller, 1982). Leaf resinite occurs in the upper section 
of the Lower Yangbug facies. Thin-walled cutinite and suberinite 
are commonly associated with vitrinite layers in the upper
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PLATE 4
Photomicrographs of the Korean Tertiary Coals
1. WU20977, Sora-1, 920 m, Rvmax = 0.38%; field width =
0.18 mm, reflected white light. Sclerotinite (white, fungal 
bodies near centre of photograph), resinite, sporinite, 
vitrinite, mienral matter in duroclarite.
2. As for No.l, but in fluorescence mode. Sporinite (yellow), 
resinite (yellow infillings in sclerotinite, weak yellow 
rounded masses), liptodetrinite (yellow specks).
3. WU21055, Domi-1, 1895 m, Rvmax = 0.52%; field width =
0.22 mm, reflected white light. Suberinite types in 
vitrinite comprising dark black layers enclosing 
gelovitrinite (toward top and bottom) and diffuse grey
layers (centre). Pyrite (high reflectance) also present.
4. As for No.3, but in fluorescence mode. Suberinite appears
as dark black layers in white light fluoresces yellow
colours, diffuse grey layers fluoresce light 
yellowish-green.
5. WU20420, JDZ-VII-1, 3535 m, Rvmax = 1.25%, field width = 
0.22 mm, reflected light. Liptinite (dark structures) and 
vitrinite (grey, top right) in clarite.
6. As for No.5, but in fluorescence mode. Sporinite (yellow 
brown), resinite (orange fluorescence, oval shape), 
liptodetrinite (specks). Note the strong fluorescence 
despite the very high rank.
7. WU21182, Bukpyung Coal, Rvmax = 0.30%; field width =
0.22 mm, reflected white light. Well preserved cutinite, in 
clarite.
8. As for No.7, but fluorescence mode. Cutinite (bright 
yellow).
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section, but thick—walled cutinite and rare suberinite occur in 
the lower section where resinite is commonly present. This may 
indicate that the upper section was deposited in slightly warmer 
conditions than the lower section. Long-chain n—alkanes
(c27“C33) are present in the low rank coals of the Lower Yangbug 
facies. Brooks (1970) reported that cutinite is a precursor for 
long-chain paraffinic hydrocarbons.
In the marine sequence of the Dolgorae-A area, vitrinite and 
liptinite are dominant macerals; inertinite contents are slightly 
higher than those of samples from the fluvial-deltaic sequence. 
Much of the inertinite may be allochthonous and of a continental 
origin. The presence of dinof .lagellates/acritarchs and rare 
tasmanitids is indicative of neritic conditions. Sporinite and 
alginite are present in equal quantities.
Deposition of the Late Neogene facies sequence was probably 
associated with moderate to rapid subsidence and sedimentation. 
The Late Neogene facies probably accumulated under cool and 
slightly dry conditions. Brightly fluorescing alginite is 
disseminated throughout the Late Neogene facies and in the Yeonil 
facies intersected by Dolgorae-A. In the samples studied 
alginite comprises dinoflagellates/acritarchs, Pediastrum and 
tasmanitids. It is indicative of shallow to continental slope 
marine environment in general but presence of Pediastrum probably 
indicates the transitional phase and/or incursion phase occurred 
in the sequence.
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PLATE 5
Photomicrographs of the Korean Tertiary Coals
1. WU20977, Sora-1, 920 mm, Rvmax = 0.38%; field width =
0.28 mm, reflected white light. Leaf resinite in clarite 
from thin coal-bearing Korean Continental Shelf.
2. As for No.1, but fluorescence mode. Resinite
(greenish-yellow to yellow) is associated with 
detrovitrinite.
3. WU21185, Dogu coal, Rvmax = 0.37%; field width = 0.22 mm,
reflected white light. Resinite impregnating in
telovitrinite layers. .
4. As for No.3, but fluorescence mode. Resinite (bright 
yellow) and clay mineral (weak orange to brown, centre).
5. WU21182, Bukpyung coal, Rvmax = 0.30%; field width = 0.56 
mm, reflected white light. Fluorinite occurring in 
vitrinite layers.
6. As for No.5, but fluorescence mode. Fluorinite showing
intense bright yellow fluorescence.
7. WU21184, Youngduk Coal, Rvmax = 0.37%; field width =
0.28 mm, reflected white light. Well preserved sporangium
in clarite.
8. As for No.7, but fluorescence mode. Sporangium showing weak 
greenish yellow fluorescence.
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6.3 BULK CHEMICAL COMPOSITION
Bulk chemical compositions of sedimentary rock extracts for 
selected samples from the four exploration wells are presented in 
Table 6.6. The soluble extracted organic matter was separated 
into saturated hydrocarbons, aromatic hydrocarbons, polar 
(hetero) compounds and asphaltenes. The proportions of these 
fractions can be used to characterize the bulk composition of the 
extractable organic matter in the potential source rocks. Total 
extractable organic matter (EOM) ranges from 0.02% to 8.3% by 
weight of the total organic carbon (i.e., most of the organic 
matter is insoluble)• The soluble organic compounds are regarded 
as a portion of the structure of organic matter rather than as a 
separate component (Allan et al., 1979) but constitute a separate 
phase for samples which contain migrated oil.
Soluble organic extracts from the marine Late Neogene and Yeonil 
facies tend to be low as a percentage of the samples, but bitumen 
ratios (EOM/TOC, mg/g) are moderate. Ratios of saturates to 
aromatic hydrocarbons are moderate to high (2.1 to 5.5), whereas 
hydrocarbon ratios (saturate + aromatic/TOC, mg/g) are low 
suggesting that migrated oil is not a significant component. 
Asphaltenes are major components of the soluble organic matter.
The terrestrial Upper Yangbug facies (samples from Sora-1, Domi-1 
and JDZ-VII-1) have moderate to high extract yields and bitumen
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PLATE 6
Photomicrographs of Coal and DOM from the Korean Tertiary Basin
1. WU21181, Janggi Coal, Rvmax = 0.45%; field width = 0.22 mm,
reflected white light. Thick wall cutinite (dark layers),
vitrinite, sporinite, fusinite (highly reflecting, cell 
structure) in duroclaritc.
2. As for No.l, but fluorescence mode. Cutinite (yellow) and 
sporinite (small elongated yellow bodies).
3. WU21180, Kyungju Coal, Rvmax = 0.36%; field width = 0.22 mm, 
fluorescence mode. Resinite (yellow large masses, flecks, 
oval shape), sporangium (brown masses, bottom left).
4. WU20977, Sora-1, 920 m, Rvmax = 0.38%; field width =
0.22 mm, fluorescence mode. Sporinite-rich clarite.
5. WU20977, Sora-1, 1220 m, Rvmax = 0.38%; field width =
0.28 mm, reflected white light. Sporinite, common
sclerotinite (white, fungal body) in duroclarite.
6. As for No.5, but fluorescence mode. Sporinite (yellow
elongated bodies), liptodetrinite (yellow flecks).
7. WU20422, JDZ-VII-1, 3850 m, Rvmax = 1.44%; field width = 
0.28 mm, reflected white light. Bitumen (brown masses) 
impregnating fine claystone.
8. As for No.7, but fluorescence mode. Bitumen showing diffuse 
yellow fluorescence.
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Table 6.6 Abundance and composition of extracts 
of source rocks in Korean continental shelves
Depth
(m)
TOC
(%)
E0M
(ppm) SAT
EOM
ARO
(%)
POLS ASP
Bit. 
Ratio
Hyd. 
Ratio
SAT
ARO
Dolgorae-A 
940 1.01 851 8.3 1.5 19.1 71.1 84.3 8.3 5.53
2534 0.53 796 15.6 11.2 24.5 48.7 150.2 40.2 1.39
2858 0.66 635 21.8 6.1 16.9 55.2 96.2 26.8 3.57
3042 0.68 875 13.7 16.3 39.9 30.1 128.7 38.5 0.84
3214 0.92 1764 32.7 2.6 12.5 52.2 191.7 67.7 12.58
3838 0.49 657 29.1 5.3 14.9 50.7 134.1 46.1 5.49
4066 1.78 1524 14.3 14.3 41.9 29.5 85.6 24.5 1.00
4230 0.57 514 21.9 10.0 20.2 47.9 90.2 28.8 2.19
Sora-1
1220* 14.15 13505 12.2 10.9 20.7 56.2 95.4 22.0 1.12
1980 2.76 2331 16.4 11.2 14.8 57.6 84.5 23.3 1.46
2055 1.01 1132 9.7 6.6 28.4 55.3 112.0 18.3 1.47
2250 0.61 1235 6.0 9.8 7.5 76.7 202.5 32.0 0.61
2310 1.02 2697 9.9 6.9 10.8 72.4 264.4 44.5 1.43
2475 0.42 933 15.1 3.2 23.8 57.9 217.0 39.7 4.72
3084 0.83 649 23.1 8.3 12.5 56.1 78.2 24.6 2.78
Domi-1
1380 1.48 2172 19.2 9.2 16.7 54.9 146.8 41.7 2.09
1570 1.38 1544 19.3 14.3 24.3 42.1 111.9 37.6 1.80
1895* .40.0 36133 10.3 13.8 25.1 50.8 92.7 22.3 0.75
2150* 56.0 83000 6.9 12.2 15.5 65.4 148.2 28.3 0.57
2255 6.56 5848 18.6 5.8 21.4 54.2 89.1 21.8 3.21
2360 4.22 6424 13.8 15.4 16.8 54.0 152.2 44.5 0.90
2484 3.13 6648 17.8 10.6 13.9 57.7 212.4 60.3 1.68
2793 0.86 1592 7.1 6.2 30.9 55.8 185.1 24.6 1.15
2898* 2.91 4264 7.8 12.1 16.0 64.1 146.5 29.2 0.64
3012* 5.66 5947 6.9 14.3 22.9 55.9 105.1 22.3 0.48
3192* 1.78 2543 9.7 4.5 22.2 63.6 142.9 20.3 2.16
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Table 6.6 Abundance and composition of extracts 
of source rocks in Korean continental shelves (continued)
JDZ-VII*“1
970 1.10
1180 0.83
2330 2.12
2380 1.53
2670 2.20
2770 1.90
3070 1.20
3555 1.21
3850 0.71
4095 1.09
858 9.9
1237 7.9
4081 15.7
1705 20.0
3828 17.0
2512 17.5
2733 8.3
212 8.3
508 13.7
708 15.8
2.6 23.9
3.7 7.0
9.3 9.4
10.7 12.9
6.0 8.1
5.4 12.0
7.2 10.3
4.2 8.3
10.9 10.7
15.4 16.8
63.6 78.0
81.4 149.0
65.6 192.5
56.4 111.4
68.9 174.0
65.1 132.2
73.2 227.2
79.2 17.5
64.7 71.5
52.0 65.0
9.8 3.81
17.3 2.14
36.0 1.69
34.2 1.87
40.2 2.83
30.3 3.24
37.5 1.29
2.2 1.98
17.6 1.26
20.3 1.03
* denotes hand-picked coal and shaly coal
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ratios. In particular, the low rank coals (samples from Sora-1, 
1220 m; Domi-1, 1895 m, 2150 m) have high to extremely high 
extract yields and bitumen ratios. Ratios of saturates to 
aromatics for these samples are low. The yield of aromatics from 
the coals is slightly higher than the yield of saturated 
hydrocarbons. Hydrocarbon ratios, however, are moderate. The 
hydrocarbon ratios generally increase with burial depth and level 
of maturation up to 2500 m to 3500 m depth and then decrease with 
further burial depth and maturation. Asphaltenes and polar 
compounds constitute a high portion of the soluble organic 
extracts.
The marine Yeonil facies samples (from Dolgorae-A) have much 
lower extract yields and slightly lower bitumen ratios than those 
of the terrestrial Lower Yangbug facies, but hydrocarbon ratios 
are slightly higher or similar to the latter. The ratios of 
saturates to aromatics range from low to high. The proportion of 
asphaltenes and polar compounds is lower than those of 
terrestrial Lower Yeonil facies. The amount of soluble organic 
extracts from the Lower Yangbug facies (samples from Sora-1 and 
Domi-1) ranges from low to high. Bitumen ratios are moderate, 
but hydrocarbon ratios are moderately low. The yield of 
aromatics for the coals is higher than for saturates.
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6.4 DISTRIBUTION OF N-ALKANES
Gas chromatograms of total alkane fractions of soluble organic 
extracts from selected samples in the four exploration wells are 
given in Figures 6.3 to 6.13. Quantitative results on n-alkanes 
are presented in Table 6.7. Some commonly used geochemical 
parameters, derived from the n—alkane data are given in Table 
6.8. Distributions of n-alkanes are dependent on type and rank 
of organic matter (Blumer et al., 1963, 1964; Philippi, 1965; 
Eglinton, 1965; Albrecht and Ourisson, 1969; Mathews et al., 
1975; Allan and Douglas, 1977; Tissot and Welte, 1978).
The Late Neogene facies has high contents of to C20 
n-alkanes. The contents of pristane (pr) and phytane (ph) are 
high and the pr/ph ratios are low. High molecular weight alkanes 
occur with an odd carbon predominance but are not abundant. 
Alginite and sporinite are common types of organic matter in the 
facies. The marine sourced alginite is probably a source for the 
medium molecular weight alkanes. Some workers (Koons et al., 
1965; Youngblood et al., 1971) observed that C15 -C17 alkanes are 
the dominant hydrocarbons of marine algae.
Soluble organic extracts from samples of the Yeonil facies have 
similar n-alkane distributions as those from the Late Neogene 
facies. Normal-alkane distributions of the Upper Yangbug facies 
are highly variable. Samples which are rich in coal—related DOM
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figure 6.3. Distributions of n-alkanes in the saturated
hydrocarbon fractions of extracts from
JDZ-VII-1, 970 m and 1130 m.
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iigure 6,4 Distributions of n — alkanes in the saturated 
hydrocarbon fractions of extracts from 
Sora-1, 1220 m (shaly coal) and Domi— 1, 1390 m.
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figure 6.5 Distributions cf n-alkanes in the saturated
hydrocarbon fractions of extracts from
Domi-1, 1570 m and JDZ-VII-1, 2380 m.
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iiguire 6.6 Dis t riD u tions of n-alkanes in the saturated
hydrocarbon fractions of extracts from
Domi-1, 1895 m and 1985 m.
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iigure 6.7 Distributions of n-alkanes in the saturated
hydrocarbon fractions of extracts from
Dorai-1, 2150 m and 2255 m.
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figure 6.3 Distributions of n-alkanes in the saturated
hydrocarbon fractions of extracts from
Domi-1, 2360 m and 2487 m.
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figure 6.9 Distributions n-alkanes in the saturated
hydrocarbon fractions of extracts from
Dolgorae-1, 2534 m and JDZ-VII-1, 2770 m.
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Figure 6.10 Distributions of n-alkanes in the saturated
hydrocarbon fractions of extracts from
Dolgorae-1, 3214 m and JDZ-VII-1, 3555 m.
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figure 6.11 Distributions of n-alkanes in the saturated
hydrocarbon fractions of extracts from
JD^-VII-1, 3850 m and 4095 m.
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iigure 6.12 Distributions of n-alkanes in the saturated
hydrocarbon fractions of extracts from
Domi-1, 2904 m and 3018 m.
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figure 6.13 Distributions of n-alkanes in the saturated
hydrocarbon fractions of extracts from
Sora-1, 309C m and Domi-1, 3192 m.
Table 6.7 Quantitative distribution of n-alkanes for Domi-1, JDZ-VII-1, Sora-1 and Dolgorae-A
Location
(m) Cl2 Cl3 Cl 4 c15 c16 c17 PR c18 PH C19 c20 C21 c22 c23 c24 c25 c26 C27 c28 C29 C30 C31 C32 c33
JDZ-VII-1
970 5.3 14.1 20.8 12.4 19.3 11.311.4 4.3 1.3 1.1 1.5 1.3 2.1 1.1 2.8 2.1 4.1 1.3 4.3 1.71180 0.8 5.3 13.4 18.2 7.2 18.0 7.711.3 5.4 2.0 1.7 2.0 1.5 2.1 2.0 2.7 1.8 3.5 1.5 3.62360 0.8 8.2 10.0 15.5 13.7 9.2 8.5 6.1 8.7 5.7 4.9 4.9 5.8 4.5 6.2 3.9 6.5 3.2 1.5 2.3 4.52770 0.7 1.2 0.7 1.8 12.3 4.5 3.1 31.3 1.8 4.4 3,5 3.2 3.5 4.0 4.1 4.5 4.0 4.2 3.2 4.0 2.3 1.3 1.23555 7.0 19.4 8.7 25.5 10.419.6 9.6 3.7 1.4 2.2 1.9 2.2 1.8 1.9 1.3 1.3 0.6 0.63850 2.8 12.2 18.8 8.3 20.0 8.915.0 7.6 3.8 3.0 3.0 2.6 2.1 2.0 2.5 1.5 1.5 0.8 0.8
4095 1.3 7.9 15.3 14.9 20.5 10.915.3 7.7 3.6 2.5 2.5 2.9 3.2 2.5 3.2 2.8 2.2 1.0 2.1 1.3 1.3
Domi-1
1390 2.5 3.0 2.1 7.7 12.4 12.4 5.3 10.1 3.7 5.2 1.8 0.9 0.7 11.4 1.8 5.5 1.3 9.8 1.5 6.7 0.7 2.5
1570 2.5 3.0 2.1 7.7 12.4 12.4 5.3 10.1 3.7 5.2 1.8 0.9 0.7 11.4 1.8 5.5 1.3 9.8 1.5 6.7 0.7 2.5
1895 4.1 11.8 4.3 7.3 7.4 3.3 12.5 2.8 9.0 3.4 2.4 3.4 2.6 3.7 4.4 5.6 5.4 6.8 5.4 6.4 2.4 3.7 1.6 1.91985 3.3 10.6 19.8 15.6 15.4 8.911.2 4.4 0.2 3.0, 3.5 2.6 4.2 2.6 4.0 2.3 5.1 0.5 2.3 2.3 3.0
2150 ' 0.9 6.2 1.9 6.1 10.9 9.5 12.0 5.7 8.7 4.7. 4.7 3.7 3.7 4.1 ■4.3 5.3 5.1 6.5 4.1 4.5 2.6 3.2 1.6 0.62255 3.2 12.8 5.7 5.4 10.2 8.0 6.9 13.2 1.0 6.8 4.6 1.7 2.2 3.1 3.4 3.9 3.1 3.1 2.1 3.1 1.6 2.3 0.4
2360 0.8 8.2 10.0 15.5 13.7 9.2 8.5 6.1 8.7 5.7 4.9 4.9 5.8 4.5 6.2 3.9 6.5 3.2 1.5 2.32487 3.0 15.4 5.7 6.0 11.0 3.4 5.7 24.8 1.2 2.0 1.6 1.5 2.0 3.1 3.3 3.8 3.0 3.5 1.9 3.0 1.0 0.4 0.4
2904 8.3 20.4 29.8 9.7 16.310.8 4.4 4.4 3.3 4.1 4.7 6.4 5.2 4.4 6.1 2.2 0.8
3018 2.3 4.8 8.1 16.6 6.0 6.7 37.7 3.3 3.1 2.2 1.7 1.7 2.3 2.3 2.6 2.0 2.5 0.9 0.8 0.5 1.4 0.5
3192 6.4 7.6 1.3 0.8 2.4 7.0 5.0 13.7 6.4 6.2 5.7 3.5 5.3 6.3 7.9 7.9 6.2 6.0 0.8 1.6 0.7 0.7 0.7
Sora-1
1220 0.5 tr 0.9 tr 2.1 1.5 2.8 2.4 7.9 3.2 17.9 2.1 18.8 5.3 20.3 3.1 11.2
3090 1.7 30.6 1.6 30.312.4 21.3 8.8 2.2 0.7 0.5 0.5 0.5 0.5 0.5 0.5 0.3 0.3
Dolgorae-A
3214 4.3 18.3 25.7 14.2 23.8 12.113.5 6.0 1.7 0.7 0.9 1.0 0.7 0.7 0.9 0.3 0.3 0.3 0.3 0.34066 0.7 0.9 1.5 31. 11.4 8.6 5.4 37.5 44.8 6.4 4.3 2.7 2.4 2.9 3.3 3.1 2.7 2.4 1.6 1.7 0.9 0.9 0.9
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Table 6.8 Some geochemical parameters from n-alkane
distributions for Domi-1, JDZ-VII-1, Sora-1 and Dolgorae-A
Sample Pr/Ph Pr/Ci7 Ph/ Ci 8 CPI n-alkanes (%)
Domi-1
1390 m 1.4 0.4 0.4 5.7 56.11570 m 1.2 0.6 0.1 1.0 82.81895 m 1.4 3.8 3.2 1.3
1985 m 1.8 0.8 0.6 1.8 42.92150 m 1.4 1.3 1.5 1.2 64.02255 m 6.9 0.9 0.1 1.3 77.12360 m 4.8 1.7 0.0 1.3 73.42487 m 1.6 1.2 0.6 1.5 56.82904 m 1.8 1.5 1.7 1.3 36.2
3018 m 2.0 1.1 0.1 1.4 64.53192 m 0.8 0.7 0.5 1.2 76.1
JDZ-VII-1
970 1.1 0.6 0.6 1.9 53.31180 m 0.9 0.4 0.4 1.9 66.5
2360 m 1.7 1.6 0.7 1.3 62.02770 m 1.7 0.7 0.1 1.1 68.33555 m 0.8 0.4 0.4 1.3 78.2
3850 m 0.9 0.4 0.4 1.2 60.6
4095 m 1.4 1.0 0.5 1.2 55.7
Sora-1
1220 m - — — 5.3 50.2
3090 m 1.0 18.0 18.9 1.2 57.8
Dolgoràe-A
3214 m 1.2 0.6 0.5 1.1 57.9
4066 m 1.1 0.6 0.1 1.0 74.7
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and coal yield dominantly high molecular weight n-alkanes 
(C23-C33) with a moderate to strong odd carbon predominance in 
the C23“C33 ranges. A strong predominance of the n-alkanes 
n-C27, n-C29 and n-C3i ranges occurs in these samples. The 
content of medium molecular weight n-alkanes is low and 
isoprenoid contents are very low in the low rank sample. Samples 
from coal beds between 1300 m and 2500 m have a larger proportion 
of medium molecular range n—alkanes and a lower odd predominance 
than the low rank coals in the upper sequence. Samples from the 
upper part of the sequence have a bimodal distribution of 
n-alkanes. These results indicate that heavy molecular weight 
n-alkanes bear an imprint of early biochemical synthesis, whereas 
light-medium range n-alkanes bear an enrichment of their 
coalification products. The occurrence of light-medium range 
n-alkanes could result from a migrated fraction from lower 
parts of the sequence or by a contaminated fraction from cavings 
from the upper sequence. The saturated extracts from coal-rich 
samples have some proportions of the peaks occurring as branched 
and cyclic isoprenoid compounds. Cyclic diterpenoids, 
pentacyclic triterpenoids and tetracyclic steroids occur more 
commonly in the low rank coal extracts than in the high rank coal 
of the Lower Yangbug facies. These compounds are well known to 
occur in the kingdom of plants and animals (Philp, 1986). 
Samples from the non—coal beds in the terrestrial sequence have 
higher medium range n—alkane contents than heavy molecular 
n-alkanes contents. Distributions of n-Ci3, n“c16 and n-Ci8 are
291
common in the rock extracts. Distributions of n-alkanes from the 
marine sourced samples in the Yeonil facies have a high 
proportion of medium range hydrocarbons. Heavy molecular weight 
n-alkanes however, occur without odd carbon predominance.
Distributions of n alkanes from the Lower Yangbug facies have 
similar trends as those from the terrestrial Upper Yeonil facies 
extracts. The dominant short-chain n-alkane distribution may 
depend more on rank than on type variation.
6.5a LEVEL OF MATURATION
Distributions of vitrinite reflectance values from Dolgorae—A, 
Sora-1, Domi-1 and JDZ-VII-1 are given in Tables 6.9 to 6.12. 
The vitrinite reflectance profiles with depth are presented in 
Figures 6.14 to 6.17. Samples from the Korean Continental Shelf 
area generally provide good control over variations of vitrinite 
reflectance with depth of burial. The reflectance values 
generally increase with depth of burial, but the values for 
samples from between 1650 m (coaly claystone) and 2055 m 
(sandstone) depth of Sora-1 well are both about 0.46%. Jones _et̂ 
jil. (1972) and Kantsler et al. (1980) indicated that vitrinite 
reflectance associated with sandstones tends to be slightly less 
than that associated with other lithologies. In the samples
Table 6.9 Vitrinite reflectance of Dolgorae-A
Sample No. Depth Rvmax Range (%) Number
20963 940 0.28 0.19-0.39 13
20965 2534 0.53 0.42-0.62 7
20966 2746 0.77 0-66-0.83 10
20967 2858 0.81 0.71-0.92 11
20968 3042 0.94 0.86-1.03 13
20969 3214 1.04 0.97-1.11 6
20970 3378 1.03 0.98-1.08 7
20971 3454 1.08 1.02-1.10 6
20972 3838 1.23 1.15-1.30 12
20973 4066 1.47 1.37-1.55 7
20974 4230 1.53 1.48-1.67 6
Table 6.10 Vitrinite reflectance of Sora-1
Sample No. Depth Rvmax Range (%) Number
20977 920 0.38 0.30-0.43 15
20978 1200 0.46 0.39-0.52 11
20979 1220 0.38 0.31-0.46 30
20980 1460 0.51 0.43-0.59 12
20981 1650 0.45 0.40-0.49 26
20982 1870 0.48 0.40-0.58 9
20983 1890 0.50 0.40-0.58 30
20984 1980 0.44 0.37-0.51 14
20985 2055 0.46 0.39-0.52 16
20986 2180 0.70 0.61-0.78 11
20987 2250 Rlmax 7.45 6.36-9.30 10
20988 2310 0.72 0.69-0.76 7
20989 2475 0.91 0.82-1.00 8
20990 2739 Rlmax 8.34 6.90-9.30 5
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Table 6.11 Vitrinite reflectance of Domi-1
Sample No. Depth Rvmax Range (%) Number
21051 950 0.31 0.22-0.37 3021052 1240 0.38 0.31-0.46 30
21053 1380 0.37 0.32-0.50 30
21054 1570 0.43 0.32-0.50 2221055 1895 0.52 0.43-0.61 30
21056 2000 0.54 0.46-0.68 30
21058 2150 0.60 0.55-0.70 30
21057 2255 0.62 0.53-0.73 3021059 2360 0.62 0.55-0.72 30
21060 2484 0.70 0.65-0.79 1021061 . 2607 0.75 0.65-0.86 30
21064 2736 0.76 0.72-0.87 17
21063 2793 0.84 0.79-0.90 15
21065 - 2898 0.93 0.85-1.02 9
21066 3012 0.95 0.88-1.02 9
21068 3021 1.00 0.92-1.05 11
21067 3192 1.07 1.00-1.12 7
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Table 6.12 Vitrinite reflectance of JDZ-VII-1
Sample No. Depth Rvmax Range (%) Number
20404 751 0.11 0.09-0.13 18
20405 940 0.19 0.17-0.21 11
18018 1180 0.35 0.29-0.40 13
20406 1375 0.30 0.26-0.38 26
20407 1549 0.48 0.39-0.55 30
18019 1669 0.55 0.46-0.67 30
18020 1804 0.57 0.49-0.65 20
17689 1825 0.60 0.51-0.68 30
20408 1909 0.55 0.40-0.65 26
20409 2179 0.61 0.42-0.72 19
17690 2330 0.66 0.57-0.77 19
20410 2390 0.65 0.59-0.72 22
20413 2595 0.69 0.60-0.73 9
20414 2670 0.68 0.60-0.77 10
18021 2770 0.70 0.60-0.81 30
18022 2815 0.74 0.62-0.87 26
21415 2920 0.79 0.73-0.84 9
20416 3019 0.79 0.80-0.96 15
20417 3070 0.85 0.77-0.92 8
20418 3253 0.93 0.85-1.01 6
20419 3361 1.15 1.11-1.19 9
20421 3555 1.30 1.28-1.32 5
20422 3850 1.44 1.35-1.53 9
20423 4095 1.57 1.50-1.65 7
20424 4147 1.72 1.64-1.77 6
20425 4297 1.88 1.83-1.98 6
20426 4381 2.10 2.05-2.15 10
20446 4429 2.04 1.92-2.17 23
20447 4480 2.20 2.13-2.32 10
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Figure 6.14 Plot of vitrinite reflecrance and present well
temperature versus burial depth for Dolgorae-A.
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P r e s e n t  t e m p e r a t u r e  (*C)
Figure 6.15 Plot of vitrinite reflectance and present well
temperature versus burial depth for Sora-1.
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P r e s e n t  t e m p e r a t u r e  (*C)
Figure 6.16 Plot of vitrinite reflectance and present well
temperature versus burial depth for Domi-1.
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P r e s e n t  t e m p e r a t u r e  (*C)
Figure 6.17 Plot of vitrinite reflectance and present well
temperature versus burial depth for JDZ-VII-1.
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studied the coal-rich samples provided more reliable and 
consistent reflectance measurements than detrital vitrinite in 
shales, siltstones and sandstones* Conglomeratic sandstone and 
conglomerate have, at most, rare vitrinite. Inertinite 
reflectance of dispersed organic matter in the lithologies of 
Sora-1 well varies from 6.3% to 9.3%.
Vitrinite reflectances for the section between 900 m and 4480 m 
in the four wells of the Korean Continental Shelf area vary from 
about 0.2% to 2.2%. The thin coal beds of the Late Neogene 
facies are brown coal rank (Rvmax °f 0.25% to 0.39%), whereas 
most coals in the Yangbug facies are sub—bituminous to high 
volatile bituminous rank (Rvmax 0,4%-l.l%). Minor amounts of low 
volatile bituminous coal (Rvmax 2.1%) occur in the deep horizons 
of JDZ-VII-1 well. These ranks indicate that the rocks range in 
the study area from immature to overmature for generating 
hydrocarbons.
Profiles of vitrinite reflectance versus burial depth for each 
well are linear for shallow depths but have moderate to high 
curvatures at greater depths. The high profile curvatures for 
rocks of JDZ-VII-1 and Dolgorae-A may be associated with high 
temperature gradients resulting from the proximity of igneous 
basement. The reflectance data of Sora-1 and Domi-1 samples 
yields slightly curved profiles for shallow depths as compared
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with those of JDZ-VII-1 and Dolgorae-A. In general, however, the 
reflectance profiles of the Cenozoic sequences in the Korean 
Continental Shelf area all have similar trends (Fig. 6.18). 
Reflectance values for samples of the four wells increases 
gradually up to about 0.75%, which occurs between the Late 
Miocene and Upper Middle Miocene. It increases more rapidly in 
lower part of Middle Miocene to Early Miocene at ranks higher 
than 0.75% Rvmax-
The isoreflectance contours of NE-SW cross-sections through the 
southern and southeastern continental shelf area shows an overall 
increase in reflectance with depth of burial. The reflectance 
varies from 0.2% to 2.2% although the number of boreholes is not 
adequate to permit a complete representation (Fig. 6.19). Where 
most proximal to onshore, the isoreflectance surface of Sora-I 
tends to dip into areas of greater sediment accumulation such as 
around JDZ-VII-1 and Domi—1 in the southwest and Dolgorae—A in 
the northeast. At less than 0.5% Rvmax the isoreflectance 
contours are generally contained within the Late Neogene or Upper 
Yangbug organic facies. The 0.5% contour crosses the 
stratigraphic boundary between the Lower Yangbug facies and the 
Upper Yangbug facies. Samples from the wells proximal to onshore 
(i.e., Domi—1 and Sora—1) have higher reflectance values than 
samples from similar depths from wells intersecting thicker 
sedimentary sequences (i.e., JDZ-VII-1 and Dolgorae-A). Smith 
and Cook (1984) reported that Gippsland Basin samples from deeply
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Vitr in i te  ref lectance, %
Figure 6.18 Comparison of depth-reflectance profiles for deep 
wells in the Korean southern-southeastern 
Continental Shelf.
Figure 6.19 Isoreflectance profiles of schematic section A-A* through 
Korean southern-southeastern continental shelf (numbers . 
indicate vi trinite reflectance per cent).
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buried areas exhibit evidence of greater compaction and of more 
organic fluid redistribution than samples of the same rank from 
shallower depths.
In the wells studied the vitrinite reflectance gradient increases 
with increasing depth (Table 6.13). The gradients are near 
linear up to 0.75% vitrinite reflectance and increase rapidly at 
ranks greater than 0.75% vitrinite reflectance. The gradients 
for individual wells have slightly differing trends. The 
JDZ-VII-1 has a moderate to high gradient through the whole 
sequence (0.49%/km), but has a high gradient at ranks greater 
than 0.75% Rvmax (0.88%/km). The other wells have low to 
intermediate gradients fcr the whole sequence (0,25%-0.35%/km) 
and have moderate to high gradients at ranks greater than 0.75% 
Rvmax (0.51%-0.55%/km). These gradients may indicate that, in 
the JDZ-VII-1 area, rapid rates of temperature increase occurred 
during deposition of the Upper Yangbug facies (Middle Miocene) 
and continued until the early Upper Miocene. These rates 
decreased during deposition of the Late Neogene facies (late 
Upper Miocene—Pleistocene) . Moderate to rapid rates of 
temperature increase occurred during deposition of the Lower 
Yangbug facies (Early Miocene) in the Sora-1 and Domi-1 areas, 
and in the Yeonil facies (Middle Miocene) in the Dolgorae-A 
area. The rates decreased during deposition of the Upper Yangbug 
facies (Upper Miocene) in all areas. Initial moderate to high 
heat flows may have been accompanied by crustal metamorphism or
Table 6.13 Vitrinite reflectance gradients in the 
southern and southeastern Korean continental shelves
Well Reflectance gradient (R,rmax %/km)
<0.75% Rvmax >0.75% Rvmax Total
Dolgorae-A 0.27 0.51 0.36
Sora-1 0.25 - 0.25
Domi-1 0.27- 0.55 0.34
JDZ-VII-1 0.31 ’ 0.88 0.49
Average 0.28 0.65 0.36
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crustal extension associated with the initiation of basin 
subsidence or both. These thermal events may have been related 
to Tertiary tectonism of the Korean Continental Shelf area.
Sections intersected by the wells of the continental shelf area 
have a present-day geothermal gradient ranging from 25°C/km to 
38 C/km (Table 6.14). Geothermal gradients have been calculated 
assuming a uniform thermal conductivity for the whole sequence. 
By use of bottom-hole temperature data which have been corrected 
for cooling by circulation of drilling fluids, geothermal 
gradients were calculated using dT/dX = (T-To)X where X is the 
depth at which the bottom-hole temperature T was obtained and To 
is the temperature at the surface (Kantsler et al., 1978a; Smith 
and Cook, 1984). The surface temperature is taken as 10°C for 
the continental shelf seafloor (KIER, 1980). Geothermal 
gradients are 37°C/km to 38°C/km for wells intersecting thick 
sequences (JDZ-VII-1 and Dolgorae-A), and are 27-28°C/km for the 
other wells (Sora-1 and Domi-1). '
In the present study, the paleothermal history of the continental 
shelf has been assessed using the age data for the sedimentary 
sequences and corresponding vitrinite reflectance data (Table 
6.14). The paleotemperatures were calculated using the nomogram 
of Karweil (1956) as modified by Bostick (1973). The results 
from isothermal and gradthermal estimates of paleoteraperatures 
for the wells (as described by Kantsler e t a l ., 1978a, 1978b;
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Table 6.14 Estimation of thermal histories of selected 
horizons in the Korean continental shelf
Organic Facies Depth Age Ryinax Tpres Tiso Tgrad
Nearest 
Grad: Total Thermal
Present
Geothermal
Well (m) (MY) (%) (°C) (°C) (°C) Iso Z model gradient
(° C/km)
Upper Yangbug
JDZ-VII-1 1825 11 0.60 83 115 237.2 -0.26 0.063 Iso 37
Sora-1 1460 11 0.51 53 78 118.8 -0.61 0.013 Iso 27
Domi-1 2000 13 0.54 67 92 141.2 -0.51 0.027 Iso 28
JDZ-VII-1 4486 16 2.20 176 235 370.0 -0.43 0.80 Iso 37
Yeonil
Dolgorae-A 2534 12 0.53 105 88 134.8 0.36 0.018 Grad 38
Dolgorae-A 4250 15 1.53 172 192 278.8 -0.23 0.45 Iso 38
Lower Yangbug
Sora-1 3030 19 1.0 91 150 234 -0.70 0.22 Iso 27
Domi-1 3199 20 1.07 87 160 250 -0.81 0.26 Iso 28
Note 1. Tiso calculated from age and vitrinite reflectance data using Karweil nomogram, 
Scale C.
2. Tgrad calculated from the equation 1.6 x Tiso -6°C (from Cook, 1982a)
3. Grad: Iso calculated from (Tpres-Uso) - (Tgrad-Tiso) (from Smith, 1981)
307
Smith and Cook, 1984) indicate that with the exception of the 
shallow strata from Dolgorae-A the burial histories of all wells 
approach the isothermal model. Smith and Cook (1984) interpreted 
that if Tpres<Tiso and GradiXso^O then present geothermal 
gradients are probably less than those in the past. Isothermal 
estimates of temperatures for the Korean continental shelf wells 
are all higher than present temperatures, which suggests that 
early geothermal gradients were very high. This suggests that 
temperature rapidly increased as a result of a build-up in cover, 
and subsequent cover increase. Margins of Tgrad to Tpres for the 
Dolgorae-A and JDZ-VII-1 sections are higher than for those of 
Sora-1 and Domi-1. This suggests that the high burial 
temperatures of the Dolgorae-A and JDZ-VII-1 section are 
associated with more consistent rates of subsidence than for the 
Sora-1 and Domi-1 sections. These data suggest that high 
formation temperatures in the past, for the Korean Continental 
Shelf area, were caused by high rates of heat flow possibly 
associated with early rapid burial during the South Sea Rift and 
Drift Phase.
Rapid burial and temperature rises could be associated with 
pre—Miocene to Middle Miocene phases of sedimentation prior to 
low burial temperatures of the Late Miocene to Pliocene. This is 
to be expected because the sequences intersected by Domi-1, 
Sora-1 were uplifted during the Late Miocene (Park, 1984) and 
Pliocene (KIER, 1982) or was more than compensated by a decrease
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in heat flow. The Pliocene-Upper Miocene unconformity is 
intersected by Dolgorae-A and JDZ-VII-1 (KIER, 1980, 1982). 
Post-Middle Miocene thermal events could have been responsible 
for maturation of rocks in this area. The Yeonil organic facies 
in Dolgorae-A and the Yangbug facies in JDZ-VII-1 was buried more 
deeply and was more mature prior to the Pliocene than that of 
Sora-1 and Domi-1. Estimates of paleotemperatures for the Sora-1 
and Domi-1 areas suggest an attenuating thermal regime in the 
Late Miocene where temperatures declined after a possible Early 
Miocene heat flow peak. This suggests that the hydrocarbon 
generation window is more restricted in Domi—1 and Sora—1 areas 
than in the JDZ-VII-1 and Dolgorae-A areas.
For JDZ-VII-1 and Dolgorae-A the deep R vtr>ax gradients are higher 
and the isoreflectance surfaces are deepen at the 0.5%-0.9% 
reflectance levels than for the other wells. This suggests that 
oil generation rates in rocks of JDZ-VII-1 and Dolgorae-A may 
have been high. This, combined with a constant generation 
progress, is likely to have given different migration and 
accumulation conditions as compared with the Sora-1 and Domi-1 
areas.
The formation temperature for the onset of oil generation is 
about 50°C-70°C and the oil deadline occurs at about 120°C to 
150°C (Philippi, 1965; Tissot and Welte, 1978; Hunt, 1979; Heroux 
et al., 1979). Hydrocarbon maturation is, however, also
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dependent on the duration of heating (White, 1935; Philippi, 
1965). Rogers (1860) recognised that coal is a sensitive 
indicator of thermal events in the geologic record and White 
(191.5, 1935) suggested that coal rank can be correlated with 
occurrences of petroleum. Teichmuller (1950) introduced the 
technique of using vitrinite reflectance measurements on 
fine-grained phytoclasts occurring in sedimentary rocks; these 
measurements provide the means by which coal rank studies are 
extended to most sedimentary rocks. Because coalification and 
hydrocarbon genesis both depend on elevated temperature acting 
over long periods of time, each stage of hydrocarbon maturation 
can be matched with a particular rank stage of coal. The 
measurement of vitrinite reflectance is one of- the most widely 
applied techniques for indicating maturation of organic matter
(Tissot and Welte, 1978; Hunt, 1979; Stach et al., 1982; Cook,
1982) .
A number of authors have examined lateral and vertical variations 
in rank with regard to hydrocarbon exploration, for various 
sedimentary basins world—wide, using vitrinite reflectance 
(Teichmuller and Ottenjann, 1977; Kantsler et al., 1978; Kantsler 
and Cook, 1979; Asakawa and Fiujita, 1979; Bostick et al., 1979; 
Smith and Cook, 1984; Stainforth, 1984). Comparisons of the 
published works on maturation indicate minor disagreement between 
the various maturity stages assigned for hydrocarbon generation 
and destruction. Organic matter type influences the stage at 
which generation of hydrocarbons occurs. Leythauser et al.
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(1980) stated that oil generation occurs at 0.5% vitrinite 
reflectance for type I kerogen, at 0.55% for type II and 0.6% for 
type III. Smith and Cook (1980, 1984) and Cook (1982) reported 
that inertinite is the first maceral to generate hydrocarbons 
during burial metamorphism, then vitrinite followed by 
liptinite. Tissot and Welte (1978) and Tissot (1984) documented 
that type III starts to generate oil earlier (at 0.5%) than type 
I (at 0.8%) vitrinite reflectance. Significant gas generation 
commonly occurs above 1.0% vitrinite reflectance (Teichmuller,
1982). Condensate and wet gas formation occurs at 1.3% 
reflectance and formation of gas occurs at 1.5% reflectance 
(Shibaoka et al., 1973). The deadline for gas formation is not 
clear; a few dry gas deposits are associated with reflectances up 
to 3.0%.
The type of hydrocarbon that is generated during burial is 
related to vitrinite reflectance. The literature contains 
abundant documentation of this relationship (see above; Heroux et 
al., 1978; Hunt, 1979) which is summarized below.
Hydrocarbon type Vitrinite reflectance (%)
Biogenic gas
Biogenic gas - immature oil 
Mature oil, condensate, wet gas 
Wet gas and dry gas 
Petrogenic CH4, N2, H2S
0.20 to 0.35 (immature)
0.35 to 0.60 (marginally mature) 
0.60 to 1.35 (mature)
1.35 to 2.0 (overmature)
2.0 to 4.0 (overmature)
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Figures 6.20 and 6.21 illustrate approximate locations of 
maturation zones in the wells from the Korean continental shelf 
areas. Most of the marine Late Neogene organic facies sequence 
lies within the immature zone which occurs to depths of
1.1 km—1.7 km. The thin marine Late Neogene sequence cannot be a 
source for hydrocarbons in the Korean Continental Shelves. The 
probable zone of oil and condensate generation (mature) occurs 
within the Yeonil facies and the Yangbug facies which lie between 
depths of 1.1 km and 3.8 km. The mature zone is most extensive 
in the marginal continental shelf areas where its thickness is 
2»0~2.4 km (Dolgorae—A and JDZ—VII—1 wells). Temperatures within 
the oil and gas/condensate zones are lower in the inshore areas 
(Sora-1, Domi-I) than in the corresponding areas of the marginal 
continental shelf (Dolgorae-A, JDZ-VII-1). The oil dead zone 
(overmature) occurs at about 3800-4000 m in Dolgorae-A and 
JDZ-VII-landaiiheio^of basement in Sora-1 and Domi-1 wells.
6.5b HYDROCARBON SHOWS
In the Korean continental shelf area no commercial oil and gas 
fields have been found but several hydrocarbon shows in drilling 
mud and cuttings occur in each exploratory well (Table 6.15). 
Hydrocarbon gas shows have been found in horizons which range in 
age from Pliocene-Pleistocene to Middle Miocene, and at depths 
between 590 m and 4400 m. The major sequences with shows are the 
Upper Yangbug organic facies (Upper Miocene to Middle Miocene).
Figure 6,20 Logarithmic plot of vitrinite reflectance- versus 
burial depth with hydrocarbon generation windows 
and hydrocarbon types.
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H g u r e  6.21 A- A * section through the Korean Continental Shelf approximate 
maturation zones based on coal rank data.
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Table 6.15 Type of hydrocarbon shows in the 
Korean continental shelf (after KIER, 1980, 1982)
Hydrocarbon
Shows
Wells
Dolgorae-A Sora-1 Domi-1 JDZ-VII—1
Gas
(ci-c5)
590m-1500m
1580-2550m
1204m-163 5m 
1700-2700m
Not known 1200-3240m
4200-4484m
Oil cut 
(slow milky- 
fast milky 
blue cut)
Not detected 1429.5m
1499.5m
1515m
1530m
1545-1635m
2472-2490m 2224m
2333m
2312m
2961-2965m
3022m
Oil fluor­
escence 
(green- 
yellow-gold- 
brown fluor­
escence)
Not detected 1330-1429m 
1501-1530m 
154501635
2197m 2224m
2233m
2312m
2496m
2961-2965m
3022m
3340m
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Field studies (KIER, 1980, 1982) reported that oil fluorescence 
and oil cuts occurred in samples from the Upper Miocene to Middle 
Miocene sections of Sora-1 and JDZ-VII-1. In JDZ-VII-1, dry gas 
was encountered in rocks of low maturation and wet gas was 
encountered in rocks between the mature and overmature zones 
(Figure 6.22). Low to moderate amounts of methane (500-5000 ppm) 
were found in sections between 500 m and 1400 m depth and 50-300 
ppm ethane was detected between 1470 m to 4480 m depth. The 
increase in wet gas content with depth in the Upper Yangbug 
organic facies may reflect an increase in oil generation. High 
contents of hydrocarbon gas (4000-24000 ppm) occurs in rocks 
between 2200 m and 3240 m depth and between 4200 m and 4484 m 
depth. The upper section of JDZ-VII-1 contains more extractable 
organic matter than the other sections (Rvmax 0.6%-1.0%). These 
strata have moderate to high contents of organic matter 
(2.1%-8.6/£ by volume) comprising mostly vitrinite and liptinite. 
The wet gas in the upper section (1470—2200 m) may have 
originated from lower sections by vertical migration. Wet gas 
(C2-C.5) is still being generated in the sections of highest 
maturity in the JDZ—VII—1 well. This observation supports 
laboratory experiments of Rohrback et al. (1984) where wet gas 
generation occurred at high levels of thermal maturity.
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Figure 6.22 Hydrocarbon gas shows in relation to
the organic matter maturity in 
JDZ-VII-1 well.
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6.6 HYDROCARBON GENERATION HISTORY
6.6.1 Petrographic Features
Organic petrographic examination of DOM and coals reveals a 
number of features which may indicate generation and possible 
expulsion-migration of liquid hydrocarbons. The most significant 
feature is the presence of oil cuts. These are normally green to 
greenish yellow fluorescing and associated with vitrinite 
layers. The oil cuts commonly occur from telovitrinite 
fractures, intercellular spaces and near contacts of vitrinite 
with surrounding matrices. They are common in the Upper Yangbug 
facies and rare in the Lower Yangbug facies. The oil cuts mostly 
occur in vitrite microlithotypes, rather than in dispersed 
organic matter. Teichmuller and Durand (1983) suggested that oil 
could be the cause of secondary vitrinite fluorescence. Cook and 
Struckmeyer (1986) indicated oil cuts are similar to oil droplets 
found within some elastic-dominated source rocks, such as 
liptinite-rich claystones and siltstones. They also mentioned 
that oil cuts are optically similar to oil droplets occurring 
w^hin known oil reservoirs. In microscopic examinations the oil 
cuts have a diffuse, hazy appearance. This suggests that they 
are soluble in the oil but subsequent precipitation of fine 
needle-shaped agglomerates can occur within the immersion oil.
Oil stains originating from cracks and fissures of vitrinite are
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PLATE 7
Photomicrographs of Mineral Matter and Oil Stains
1. WU21064, Domi-1, 2736 m, Rvmax = 0,76%; field width =
0.28 mm, reflected white light. Chalcedony (black, discrete
lens-shaped masses) infilling in vitrinite cavities (white 
grey).
2. As for No.l, but in fluorescence mode. Chalcedony showing 
yellow to orange fluorescence.
3. WU21230, Pohang-D, 468.5 m, Rvmax = 0.48%; field width =
0.28 mm, reflected white light. Carbonate vein (mostly
calcite, whitish band centre of photograph).
4. As for No.3, but fluorescence mode. Carbonate showing
yellow to orange fluorescence.
5. WU20410, JDZ-VII-1, 2380 m, Rvmax = 0.63%; field width =
0.28%, reflected white light. Framboidal pyrite (high 
reflectance) occurring with vitrinite in matrix of 
siltstone•
6. WU20422, JDZ-VII-1, 3850 m, R^ax = 1.44%; field width =
0.22 mm, fluorescence mode. Carbonate showing yellow 
fluorescence.
7. WU21183, Dogu shaly coal, Rvmax = 0.37%; field width =
0.28 mm, fluorescence mode. Clay minerals (mainly 
kaolinite) appear as rounded yellow masses.
8. WU21180, Kyungju Coal, Rvmax = 0.36%; field width = 0.28 mm,
reflected white light. Gelovitrinite (mostly porigelinite 
showing granular appearance).
9. WU21055, Domi-1, 1895 m, Rvmax = 0.52%; field width = 
0.18 mm, reflected white light. Oil stain.
10 WU20420, 
0.22 mm, 
crack in
JDZ-VII-1, 3535 m, Rvmax = 1.25%; field width = 
reflected white light. Oil stain associated with 
vitrinite.
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common in coal samples of the Upper Yangbug facies. The oil 
staining is presumed to have originated from hydrocarbons 
released from the samples during the grinding and polishing 
procedure (Kantsler et al.% 1980).
Dull brown vitrinite fluorescence is common in coal samples of 
the uppermost Upper Yangbug facies. It is especially common in 
low rank coals (0.30%-0.40% Rvmax) having high contents of 
fluorinite, resinite and liptodetrinite. Teichmuller and Durand
(1983) referred to this low rank fluorescence as primary 
vitrinite fluorescence and Cook and Struckmeyer (1986) observed 
that it disappears at the stage of geochemical gelification of 
huminite to vitrinite. Some detrovitrinite and rare telo- 
vitrinite in the Upper Yangbug facies and in the upper part of 
the Lower Yangbug facies (0.5%-0.2% Rvmax) also exhibit dull 
orange-brown fluorescence. This fluorescence is commonly present 
in sporinite, cutinite, resinite and suberinite-rich coal 
samples, but is also present in liptinite-poor samples. This 
higher rank fluorescence probably originates from generated 
hydrocarbon compounds that have been expelled from the micropores 
of vitrinite and liptinite macerals. These hydrocarbons could 
have been impregnated into the fissures, pore structures and 
intercellular spaces of the vitrinite. This fluorescence has 
been termed secondary vitrinite fluorescence by Teichmuller and 
Durand (1983). Cell lumens of vitrinite are closed by increasing 
pressure and compaction. The pressure and compaction, coupled
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with increased temperature probably cause expulsion of 
hydrocarbons from the intercellular micropores and migration into 
larger pores. The structure of vitrinite becomes compressed and 
cracked with increased burial depth. Dull brown fluorescing 
material occurs in the cell lumens and fractures of sclerotinite 
and semifusinite in the ranges of about 0.5% to 0.9% Rvmax. This 
feature is rare in rocks having vitrinite reflectance above 
1.5%. Some mineral fluorescence in claystones (commonly from 
kaolinite), sandstones (from fractures of quartz grains and from 
chalcedony) and carbonate rocks, can be partly explained by 
impregnations of hydrocarbons.
Exsudatinite is present in some coal samples of the Upper and 
Lower Yangbug facies. It has medium to strong yellow 
fluorescence. The exsudatinite commonly occurs infilling 
fractures, cavities and cell lumens of vitrinite. In the studied 
samples, it is associated with cutinite and resinite. 
Exsudatinite is analogous to solid bitumens such as gilsonite, 
grahemite, ozocerite and other asphaltic exudates and it is 
considered to be directly related to the formation of liquid 
hydrocarbons (Teichmuller, 1974; Teichmuller, 1982). Teichmuller 
(1982) mentioned that exsudatinite is formed mostly at the 
boundary between diagenesis and catagenesis where heavy 
heteroatomic compounds are released. She suggested that the term 
exsudatinite includes relics of liquid hydrocarbons found in 
source rocks and reservoir rocks. Presence of exsudatinite is an
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indication of mobilization of liquid hydrocarbon-type substances 
in the organic matter. Cook and Struckmeyer (1986) suggest that 
one reason for the lack of an association between the presence of 
exsudatinite m  Australian coals and the occurrence of 
reservoired oil is that the light Australian crude oils may 
favour effective migration out of the coals.
In the present study, micrinite occurs mostly in association with 
vitrinite layers where vitrinite reflectance exceeds about 0.5 
per cent. The origin of micrinite is still poorly understood, 
but it is commonly regarded as a degraded secondary maceral which 
forms from liptinites (normally bituminite and resinite) during 
coalification (Teichmuller, 1982). However, Cook and Struckmeyer 
(1986) note that micrinite is more commonly associated with 
vitrinite than with most liptinites. The transformation of the 
precursor material to micrinite is generally considered to yield 
fluid hydrocarbon compounds from disproportionation reactions 
(Teichmuller, 1982; Cook, 1982), but Shiboaka (1978, 1983) 
doubted its relation to hydrocarbon formation. Cook and 
Struckmeyer (1986) suggested that micrinite is derived from 
vitrinite or from submicroscopic inclusions within the vitrinite, 
and that most liptinites are less micrinitized than associated 
vitrinites. They concluded that micrinite can be regarded as a 
secondary maceral probably associated with the generation of oils 
and related fluids. The parent material of micrinite is probably 
a dispersed suite of molecular species rather than discrete
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submicroscopic liptinite. The occurrence of micrinite is 
slightly more common in the Upper Yangbug and upper portion of 
the Lower Yangbug facies than in the Yeonil and the Late Neogene 
facies.
Green to greenish yellow fluorescing fluorinite is present in 
coal beds of the Upper Yangbug and Lower Yangbug facies (in 
Sora-1, Domi-1 and JDZ-VII-1). The size of fluorinite particles 
in samples from Domi-1 and Sora-1 are commonly larger than those 
in samples from JDZ-VII-1. The parent material of fluorinite is 
essential plant oils or liptinitic plant material (Teichmuller, 
1974). Mukhopadhyay et al. (1979) regarded it as a secondary 
maceral which formed during the hydrocarbon generation. In the 
area studied, fluorinite is most common in coal and dispersed 
organic matter having a rank range of 0.28% to 0.48% vitrinite 
reflectance. It is also present in samples having 0.65% to 0.75% 
reflectance but has very weak fluorescence.
According to Cook (1982), the petrological evidence listed above 
suggests that generation and expulsion of liquid hydrocarbons 
could have occurred in the Upper Yangbug, Lower Yeonil (at a 
1*5—3.5 km depth) and Lower Yangbug facies of the 
southern-southeastern Korean Continental Shelf (Table 6.16).
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Table 6.16 A summary of petrological features indicating 
oil generation and expulsion in the present study area
Microscopic Organic Facies
Features Late
Neogene Yeonil
Upper
Yangbug
Lower
Yangbug
Oil cuts - - ++ ++
Oil stains - - ++ +
Vitrinite primary
fluorescence - + —
Vitrinite secondary
fluorescence - - + +
Exsudatinite - - ++ +
Micrinite - + -H- +
Fluorinite - — + +
Note: absent rare +; common ++
6.6.2 Geochemical Features
In the present study several geochemical techniques were used to 
assess the hydrocarbon generation, source potential and migration 
characteristics in strata of the southern-southeastern Korean 
Continental Shelf• Hydrocarbon generation features of organic 
matter were studied by analysing its chemical compositional 
changes. These compositional changes mostly depend on the nature 
of organic matter precursors and maturation history. The 
influences of other geological features, such as pressure, 
hydrodynamic influences, and geocatalysts, are poorly understood
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but are thought normally to be minor. The composition and amount 
of solvent-extractable organic matter commonly have been 
considered as possible indicators of type and maturation (Tissot 
and Welte, 1978; Hunt, 1979). Recently, a growing body of 
evidence has been found, suggesting that insights into 
expulsion-migration phenomena can be achieved by studying soluble 
organic matter (Mackenzie et al., 1983; Vandenbroucke et al., 
1983; Leythauser et al., 1984). Compositional differences of 
soluble extracts at the various maturation stages, is controlled 
by generation reactions and expulsion-migration processes.
6.6.2a Extractable Organic Matter Yield
Soluble extract yields for samples from the southern-southeastern 
Korean Continental Shelf gradually increase with depth reaching a 
peak at about 2.5 km-3.2 km with greater depth and decrease down 
to less than 20 mg/g of total organic carbon. Hydrocarbon 
extract yields have similar trends with depth as those of the 
soluble extracts yields (Figures 6.23-6.26). The peaks of 
extract yield for samples of the four wells occur in the Yeonil 
organic facies and the Upper and Lower Yangbug organic facies. 
The highest value of extract yield for samples of marine source 
beds intersected by Dolgorae-A is 191.7 mg/g TOC and for samples 
from terrestrial source beds of Sora-1 well it is 264.4 mg/g 
TOC. The profiles of the amounts of soluble bitumen and 
hydrocarbon extract for Dolgorae—A well are different from those
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, Figure 6.23 Extraction yields of hydrocarbon and polar compounds
versus burial depth for Dolgorae-A.
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Figure 6.24 Extraction yields of hydrocarbon and polar compounds
versus burial depth for Sora-1.
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Figure 6.25 Extraction yields of hydrocarbon and polar compounds
versus burial depth for Domi-1.
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Figure 6.26 Extraction yields of hydrocarbon and polar compounds
versus burial depth for JDZ-VII-1.
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for Domi 1, Sora-1 and JDZ-VII-1 wells. The extract yields for 
Dolgorae-A increase more gradually with increasing depth than 
those for the other three wells; for Dolgorae—A the highest value 
(67.7 mg/g TOC) is reached at 3214 m depth. The peak for the 
amount of extract yield over the interval sampled of Dolgorae-A 
well is broader than those of the other three wells sampled. The 
profiles of hydrocarbon extract yields show that the possible 
zones of hydrocarbon generation ranges from 1900 m to 2700 m in 
Sora-1, 2000 m to 2800 m in Domi-1, 2400 m to 3900 m in 
Dolgorae-A and 2100 m to 3000 m in JDZ-VII-1. Compared to the 
estimations of probable zones of oil generation from vitrinite 
reflectance data (0.5%-1.0% Rvmax), the estimates from extract 
yield data indicate a wider range of reflectances and depths. These depths vary 
from one well to another (Figures 6.23 - 6.26).
The profiles of extract yield amounts as a function of maturation 
are given in Figure 6.27. The peak yields for samples from
Sora-1, Domi-1 and JDZ-VII-1 wells (in terrestrial source strata) 
occur- in the range of Rvmax values from 0.6% to 0.7%. The 
samples from Dolgorae—A (in marine source strata) however, yield 
the most extractable organic matter at an Rvmax of 1.0%. These 
peaks of extract yield for the terrestrial source rocks are at 
similar or slightly lower vitrinite reflectance values than those 
commonly reported (Tissot and Welte, 1978). Extract yields 
reported by Tissot and Welte (1978) are as follows: the Douala 
basin (Kerogen type III, 70 mg/g yield at 2100 m) , Paris Basin
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figure 6.27 Extraction yields of hydrocarbons and polar 
compounds as a function of organic matter 
maturity.
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(Kerogen type II, 100 mg/g yield at 2500 m); and the Uinta Basin 
(Kerogen type I, 150 mg/g yield at 1730 m). The depth of peak 
yield for Dolgorae-A, however, is closer to those of type II 
kerogen of the Paris Basin and type III kerogen of the Douala 
Basin. The differences in the profile of extract yields for 
samples from Dolgorae-A and those from the other wells may be due 
to organic matter type, local geothermal conditions or both. 
Samples from Dolgorae-A have high liptinite contents, derived 
from marine sources whereas organic matter of Sora-1, Domi-1 and 
JDZ-VII-1 is derived mainly from terrestrial sources. This 
confirms petrographic evidence of Smith and Cook (1980) and Cook 
(1982) and geochemical evidence of Tissot (1984) and Rohrback et 
Al. (1984) that indicates the onset of oil generation for humic 
organic matter at lower maturation levels than for liptinite. A 
narrow peak for depth yield profiles, can therefore be caused by 
source beds containing humic or liptinite organic matter, whereas 
a wide profile can be caused by source beds containing both humic 
and liptinitic organic matter. This indicates that a two step 
path of liquid hydrocarbon generation probably occurs where 
organic matter comprises humic matter and liptinite components.
Approximate temperature range for the peak yield is about 
70°C-80°C for Sora-1 and Domi-1 sections, 105°C-115°C for 
JDZ-VII-1 sections and 110°C-120°C for Dolgorae-A sections 
respectively. The present temperature data, although not
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necessarily directly related to palaeothermal conditions, provide 
firm evidence that significant amounts of liquid hydrocarbons can 
be generated at low maturation levels from humic organic matter. 
Single bonded heteratoms are broken down at lower temperatures 
than carbon—carbon bonds. Heteroatomic bonded compounds are 
abundant in humic organic matter and C-C bonded compounds are 
dominant in some liptinitic organic matter. Timing of generation 
of liquid hydrocarbons from humic organic matter is therefore 
earlier than generation from algal liptinitic organic matter.
6.6.2b Normal-alkanes
With increasing maturity, a gradual change takes place in the 
composition of soluble extracts toward that typical of oil. Thé 
predominant feature in samples from the study area is a 
progressive change in the n-alkanes. Normal alkane distribution 
for shallow depth samples of the Late Neogene and Upper Yangbug 
organic facies is probably mostly dependent on precursor organic 
matter and depositional environment (Fig. 6.28). Table 6.17 
shows summarized distributions of n—alkanes in various types of 
organic matter.
A sample from JDZ-VII-1 (970 m) has predominant C17 and Ci8 an<  ̂
an odd carbon number dominance for high molecular weight 
n—alkanes. This may represent a direct heritage from the 
n-alkanes in aquatic micro-organisms and minor input from
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Figure 6.28 Distribution of n-alkanes and composition of
bitumen extracts for shallow horizons(>1.4km depth).
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Table 6.17 Distribution of n-alkanes in various 
types of organisms (from Brassell et al., 1978)
Organism Environment
Dominant
Carbon
No(s) CPI
Carbon
No
Range Modality
Example
References
Photosynthetic
bacterial
Aquatic
(Pelagic)
Cl 7» C26 Low 14-29 bimodal Han, 1970
Non-photosynthetic Aquatic C17-C2O Low 15-28 unimodal Han, 1970
bacteria (Benthic) C]7 and C25 Low 15-29 bimodal Han, 1970
Fungi C29 — 25-29 unimodal Yen, 1975
Cyanobacteria Aquatic
(Pelagic)
c17 High 14-19 unimodal Blumer et al., 
1971
Algae Aquatic
(Pelagic) c17
High 15-21 unimodal Gelpi et al., 
1970
Brown algae Aquatic
(Benthic) c15
Low 13-26 unimodal Youngblood et al. 
1973
Red algae Aquatic
(Benthic)
Cl7 Low 15-24 unimodal Youngblood et al. 
1973
Zooplankton Aquatic
(Pelagic)
c18 and C24 Low 18-34
or
20-28
bimodal Giger and 
Schaffner, 1977
Higher plants Terrestrial C27> C29 
or C31
High 15-37 unimodal Caldicott & 
Eglinton, 1973
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terrestrial, higher plants« Petrological examination indicates 
that the liptmite m  the sample consists dominantly of alginite 
derived from dinoflagellates/acritarchs and tasmanitids and some 
sporinite. Vitrinite also occurs in the sample. A shaly coal 
sample from Sora—1 (1220 m) has an abundance of n—alkanes in the 
c23~c31 ran8e with a strong odd/even predominance. Long-chain 
distributions of n-alkanes are conventionally believed to have 
been derived from higher plants (Tissot and Welte, 1978), 
especially from plant waxes and fatty acids (Hedberg, 1968; 
Philippi, 1974). Products of hydrous pyrolysis and solvent 
extraction of low rank vitrinite—rich coals and vitrinite 
concentrates contain n-alkanes in the range of C22”C3i (Allan and 
Douglas, 1977; Evans et al., 1984; Rigby et al., 1985; Kim and 
Cook, 1986)• It is therefore possible n—alkanes are associated 
with heteroatom-containing compounds in humic and liptinitic 
precursors.
Saturate fractions of a sample from Domi-1 (1390 m) show a 
bimodal n-alkane distribution in the range of C12 to C32* This 
indicates low maturity, and a dual source of organic matter 
(aquatic and terrestrial). Migrated light fractions could also 
have affected this distribution. Normal alkane distribution is 
markedly affected by sediment maturity in deeper horizons of the 
Yeonil and Yangbug organic facies (Fig. 6.29). The most 
significant feature is the disappearance of odd/even predominance 
in high molecular weight compounds. Various expressions of
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Figure 6.29 Distribution of n-alkanes and composition of
bitumen extracts for deep horizons (>2.38km depth).
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odd/even predominance have been proposed by Bray and Evans 
(1961), Philippi (1965) and Scanlan and Smith (1970). According 
to the carbon preference index (CPI) of Bray and Evans (1961), 
values are close to one for samples in the wells studied having 
1.0%-1.4% vitrinite reflectance. The change in index is 
principally caused by thermocatalytic cracking of C-C bonds 
(•^ihrecht £ t s.1 • t 1976), but it is also influenced from dilution 
by newly generated hydrocarbons (Tissot and Welte, 1978) and by 
migrated hydrocarbons. The bimodal distribution of n-alkanes 
disappears with increasing maturity; the hydrocarbons greater 
than C25 are diminished. The odd/even predominance and bimodal 
tendency remains at 0.65 per cent vitrinite reflectance in a 
sample from JDZ—VII—1, 2380- m. Where maturation increases,
n-alkane distributions are dominated by light-medium molecular 
weight hydrocarbons. These chemical changes in the n-alkanes are 
in general accord with those found by numerous previous workers 
(Philippi, 1965; Leythauser and Welte,. 1969; Brooks and Smith, 
1969; Durand and Espi-talie, 1976; Allan et al., 1977; Radke et 
•, 1980; Kontorovich, 1984) Molecular weight hydrocarbons
c15”c21 t0 heavy wax range hydrocarbons C22”c32 in soluble 
extracts increase markedly during maturation (Fig. 6.30). In the 
present study the amounts of lighter fraction (C15-C21) is 
increased about four times in samples with an Rvmax of 1.3% as 
compared with samples with an Rvmax of 0.4%. The transformation 
ratio tends to be proportional to increasing vitrinite 
reflectance. A significant decrease in the wax range n-alkanes
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Relative abundance %
Figure 6.30 Proportions of C15 - n-alkanes and C22 - C ^ 2
n-alkanes as a function of maturation in 
Sora-1, Domi-1 and JDZ-VII-1 wells. .
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occurs in samples at low ranks as compared with those at high 
ranks» This indicates that light fraction hydrocarbons 
preferentially can be expelled and migrated at low ranks• 
Philippi (1965) reported similar features for naphthenic 
hydrocarbons with increasing maturation» Numerous authors 
considered that chemical changes of hydrocarbons are caused by 
cracking mechanisms (Engler, 1911; Berl, 1938; Brooks, 1949; Jurg 
and Eisma, 1964; Mathews et al., 1974; Philippi, 1974; Albrecht 
et al», 1976; Waples and Tornheim, 1978). Two major types of 
reactions are known to be , involved in cracking; catalytic 
(carbonium-ion mechanism of Greensfelder_et _al., 1949 and Thomas, 
1949), and a thermal (radical mechanism of Rice and Kossiakoff, 
1943) reactions» A summarized scheme of these cracking 
mechanisms is illustrated in Figure 6*31» Thermal cracking is 
Vitiated at a high temperature by the loss of hydrogen atoms. 
Hunt (1979) indicated that thermal cracking tends to produce 
paraffinic alkanes, whereas in catalytic cracking, significant 
amounts of branched/cycled hydrocarbons are formed. From this 
observation Philippi (1974) suggested that petroleum is formed 
mostly by thermal cracking mechanisms, because in waxy petroleum, 
considerable amounts of n—paraffins and only moderate amounts of 
isoparaffins are present.
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A- Thermal cracking ( rad ic a l
ch2 ch2 ch2 ch2 ch2 ch2 
/  \ /  \ /  \ /  \ /  \ /  ' W  —^ 
ch2 ch2 ch2 ch2 ch2 ch2
m ech an ism )
ch2 ch2 ch2 ch2 ch2 ch2 _ 
^ \ / \ / \ / \ / \ /  \  ̂ + 
ch2 ch2 ch ch2 ch2 ch2 • H
H
B. Catalyt ic cracking (carbonium ion mechanism)
F orm ation  o f  a carbonium  ion
ch2 ch2 ch,
S \ /  \ /  k + H+ — 
ch2 ch2
ch2 ch ch2
/  \ /  \ /  k + K2
ch2 ch2
1. p -sp littin g
ch2 ch ch2 
^ \ /  \ /  k —>• 
ch2 ch2
ch2 ch ch2^  + /  \ /  k 
ch2 ch2
2. M e th y l sh ift
ch3 ch2
? O ch>
H
H3C— (̂ —CH2+
ch3
3. H yd rid e  ion abstraction
H
4- H—R — + R +
H
4. H ydrogen sh ift
HjC—
H H1 I H
H H
I
-»* H3c—c +
Figure 6.31 A proposed scheme for characterization
cracking mechanisms (from Eisma and Jurg, 1969).
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6.6.2c Isoprenoid alkanes
The most common isoprenoids in the samples studied are pristane 
(C19 isoprenoid alkane), phytane (C20 isoprenoid alkane), 
trimethyl tridecane (Cig isoprenoid alkane), and norpristane (Cig 
isoprenoid alkane). The isoprenoid alkanes are gradually changed 
by maturity but the trend of change is not consistent. The ratio 
of pristane to n-heptadecane and phytane to n-octadecane tends to 
increase with increasing maturation (Fig. 6.32). A pr/Ci7 versus 
vitrinite reflectance plot shows similar profiles of hydrocarbon 
extract yield ratios for samples from Sora-1, Domi-1 and 
JDZ-VII-1 wells, but the ph/C^g changes only slightly and without 
a constant trend. These suggest that some isoprenoid alkanes 
generate with increasing burial and expel out to the porous rocks 
selectively by source horizon or by migration differences between 
groups of compounds.
Amounts of bitumen extracts increase with increasing burial depth 
and maturation for the Yeonil and Yangbug sequences of the Korean 
Continental Shelf. The trend of increasing vitrinite reflectance 
is consistent with increasing amounts of bitumen extracts and 
hydrocarbon extracts up to 0.7%-l.l% reflectance. With 
increasing maturation, CPI values become closer to one, and 
increases occur in saturate/aromatic hydrocarbon ratios, n-alkane 
contents and short-chain n-alkane contents. These trends 
indicate that thermal degradation make the extractable organic
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Figure 6.32 Isoprenoid and n-alkane ratios as a function of organic matter maturity
for samples from the Korean continental shelf area.
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matter more paraffinic and lighter in molecular weight. Some of 
the transformation mechanisms of "solid” organic matter into 
mobile hydrocarbons involves a transfer of light hydrocarbons, 
alkane and CO2 and many other reactions from the remainder of the 
organic matter to the bitumen extracts. Hydrogen-rich organic 
matter has a higher potential for this type of transformation 
than does hydrogen-poor organic matter. It is possible however 
that abundant hydrogen-poor organic matter has a higher overall 
hydrocarbon generation potential than sparse hydrogen-rich 
organic matter. In the Yangbug organic facies, sporinite, 
resinite, cutinite, suberinite and liptodetrinite could make 
significant contributions to hydrocarbon generation in spite of 
their low to moderate proportions. However, because of the 
abundance of vitrinite within the sequences it is also a 
potentially significant hydrocarbon source. Comparisons of the 
abundances and types of organic matter in samples from wells in 
the study area indicates that sequences of JDZ-VII-1 and Domi-1 
are more capable of generating hydrocarbons than those of Sora-1 
and Dolgorae-A wells. The humic-dominated organic matter of 
samples from Sora-1, Domi-1 and JDZ-VII-1 would generate 
hydrocarbons at lower levels of maturation and therefore would 
require earlier reservoir development than for liptinite- 
dominated samples from Dolgorae-A.
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6.6.3 Source Rock - Hydrocarbon Correlation
Ternary diagrams of the composition of the extracts and maceral 
groups of samples from the Korean Continental Shelf areas are 
given in Figures 6.33-6.36. The composition of extracts for each 
well occur similarly in the polar compound region without any 
strong correlation to the specific maceral groups present. For 
instance, liptinite-rich samples from Dolgorae-A and Sora-1 have 
similar extract proportions when compared with vitrinite-rich 
samples from JDZ-VII-1 or inertinite-rich samples from Sora-1. 
Correlation coefficients between organic maceral groups and 
bitumen extracts are relatively low and not consistent. 
Inertinite has a negative correlation with saturate hydrocarbons 
in samples from Dolgorae-A but has a positive correlation with 
polar compounds. Saturate hydrocarbons show a positive 
correlation with vitrinite but negative correlation with 
liptinite for samples from Domi-1. Aromatic hydrocarbon shows a 
positive correlation with inertinite but negative correlation 
with liptinite in JDZ-VII-1. This indicates that extract 
precursors in the petrological components differ chemically. 
The organic maceral proportions do not change with increasing 
thermal evolution (Neavel, 1981), but the macerals do undergo 
nicâ'lced alteration in their chemical and physical properties 
during coalification. Formation of liquid hydrocarbons is 
therefore not only dependent on organic matter type but is also 
strongly dependent on the maturation mechanisms. A moderate
V i t r i n i t e  (A ro )
Figure 6.33 Relationship between organic macerals and
bitumen extracts for Dolgorae-A.
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V i t r i n i t e  (A ro )
Figure 6.34 Relationship between organic macerals and
bitumen extracts for Sora-1.
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• V i t r i n i t e  ( A r o )
Correlation Coefficient 100%
Figure 6.35 Relationship between organic macerals and
bitumen extracts for Domi-1.
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V i t r i n i t e  (A ro )
Figure 6.36 Relationship between organic macerals and
bitumen extracts for JDZ-VII-1.
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positive correlation between liptinite and vitrinite with 
saturate hydrocarbons occurs at the deeper horizons (higher 
levels of maturation) of the Yangbug facies.
Cluster analysis of the n-alkane distributions of the extracts 
from the Korean Continental Shelf area shows that some 
correlations are evident between composition of the marine 
sediments with some of the extracts from the mature sediments 
(Fig. 6.37). A negative correlation exists between extracts from 
marine sediments and those from coaly source rocks, but a 
moderate level of similarity exists in the extracts between 
samples dominated by coal and those dominated by dispersed 
organic matter at similar levels of maturation. A significant 
difference is present in n-alkane distributions between 
carbonaceous sediments of JDZ-VII-1 well and marine sediments of 
the Dolgorae-A well. This difference is likely to be due 
primarily to organic matter type but primary differences may have 
been amplified by differences in maturation history.
Organic-rich sediments show more abundant n-alkanes than 
organic-poor sediments at similar maturation levels (Fig. 6.38). 
The abundance of n-alkanes here is calculated on a rock weight 
basis instead of concentrations being related to total organic 
carbon content. The shaly coal sample (Domi-1, 2150 m) 
has higher proportions of hydrocarbons as compared with DOM-rich 
sample (JDZ-VII-1, 2330 m) at about 0.6% of vitrinite
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Figure 6.37 Dendrogram from cluster analysis based on 
n-alkane distribution of source rocks in 
Korean Continental Shelf.
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Figure 6.38 Quantitative abundance of individual n alkanes 
for extracts from organic-rich (shaly coal) and 
organic poor sediments.
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reflectance. The yield of hydrocarbons is therefore closely 
related to the amounts of organic matter at similar levels of 
maturation subject to organic matter type. The data including 
cluster analysis results indicate that the role of coal in the 
generation of oil is significant.
Examination of sterane and triterpane distributions from the 
source rock extracts of JDZ-VII-1 well provides some biomarker 
parameters on the oil-source rock correlation (Figs. 6.39-6.42).
In the present study, instead of monitoring complete spectra 
throughout the analysis, some of the hopane isomers were 
identified at mass spectral fragment m/e 191 and some of the 
sterane isomers at m/e 217. The extracts from JDZ-VII-1 samples 
show the relative amounts of C27, C28 and C29 steranes and 
diasteranes (peaks 1-20). The sample from 970 m (in Late Neogene 
facies) contains slightly higher content of C27 steranes than 
that of samples from Upper Yangbug facies (2390 m, 2770 m,
4095 m) whereas samples from 2390 and 2770 m depth show high 
contents of C29 steranes. The C27 steranes are thought to be 
derived predominantly from marine sources and C29 steranes from
Ahigher plants (Huang and Meinschein, 1978). This evidence 
suggests that these extracts are related to significant 
proportions of terrestrial sources. A sample (970 m) from marine 
strata, also contains relatively high C29 sterol content, and may 
indicate the incorporation of terrestrial organic matter into 
these marine sediments. The extracts of JDZ-VII-1 samples show
*  Some cyanobacteria and algae produce C2g sterols (Philp, 1985) and therefore the 
interpretations above may need to be modified.
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Figure 6.39 Mass chromatograms presenting saturated terpanes and 
steranes from soluble extract JDZ-VII-1,
940 - 970 m.
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Figure 6.40 Mass chromatograms presenting saturated terpanes and 
steranes from soluble extract JDZ-VII-1,
2380 - 239.0 m.
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Figure 6.41 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract JDZ-VII-1,
23 _
Figure 6.42 Mass chromatograms presenting saturated terpanes and 
steranes from soluble extract JDZ-VII-1,
4082 - 4095 m.
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low sterane/hopane ratio (less than 0.1) and low sterane 
content. Moldowan et al. (1984) considered the nonmarine oils 
tend to have low sterane content. Tricyclic terpanes are 
generally absent in the samples but pentacyclic triterpanes are 
common in the sample. Philp and Gilbert (1985) reported that a 
significant number of terrigeneous-sourced oils contain no 
tricyclic terpanes.
The 17 a (H), 2lB(H)-norhopane (peak 9) and the 17 « (H), 
2lB(H)-hopane (peak 12) are the most common components in all 
samples. The content of 17a!(H)-22, 29, 30-trisnorhopane (peak 5) 
clearly decreases with increasing burial depth from 970 m to 
4095 m in JDZ—VII—1 well. A predominance of 22S—homohopanes over 
the 22R epimers for the C31 (peaks 16-19) and C32 (peaks 20-21) 
occurs in the samples below 2390 m depth. The steranes provide 
the additional evidence of maturity below 2770 m depth by the 
dominance of 2OS over the 2OR for the C2g and C29 compounds. The 
hopanes and steranes of the JDZ-VII-1 well samples have not been 
strongly affected by biodegradation.
In summary, biomarker analyses indicate that the organic matter 
between 2390 and 4095 m depth of JDZ-VII-1 (Upper Yangbug 
facies) reflects the mature nature of organic matter, and these 
extracts incorporate significant input of terrestrial source and 
minor marine input. The immature marine source rocks contain 
some terrestrial source material. In general, data from the
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biomarker study shows good agreement with the petrological 
data. However, it does not appear to give better resolution of 
the type of organic matter in relation to hydrocarbon generation 
as compared with petrological data.
6.7 HYDROCARBON GENERATION POTENTIAL FOR THE KOREAN CONTINENTAL 
SHELF
In the present study, hydrocarbon generation potential of organic 
matter in the sedimentary sequence of the Korean Continental 
Shelf area is evaluated in terms of variation in organic matter 
nature, maturity level and palaeothermal history. Summarized 
hydrocarbon generation potentials are given in relation to 
organic matter facies in Table 6.18 and Figures 6.43 to 6.46.
The Lower Yangbug organic facies (Lower Miocene) has fair source 
potential including both DOM and coal. This facies comprises 
clastic sediments deposited with appreciable terrestrial organic 
matter input in alluvial plain and braided river environments. 
It is probable that part of the organic matter was oxidized and 
recycled (35% inertinite content), but vitrinite is the dominant 
organic matter type. This is verified by the bitumen extract 
data that shows generated hydrocarbons are both substantial. 
Most organic matter in sequences of Sora—1 and some parts of 
Domi-1 occurs in sandy conglomerate to conglomerate and is rare
Table 6.18 Characteristics of DOM and coal according to 
the organic matter facies in Dolgorae-A, Sora-1, Domi-1 and JDZ-VII-1
Organic Facies
Item Late Neogene Yeonil Upper Yangbug Lower Yangbug
1. DOM (volume)
a abundance % 2-4 (x=3) 0.5-3.0(*=2) 0.5-22 (x=5) 0.5-9 (x=4)
b Vitrinite % 48-69 05=60) 36-92 (*=62) 40-90 (x=66) 20-94 (x=40)
c Inertinite % <1 tr-29 (x=14) tr-37 (x=6) tr-80 (*=25)
d Liptinite % 31-52 (x=40) tr-55 (*=24) tr-72 (x=28) tr-72 (*=35)
2. Coal (volume)
a vitrinite % 
b Inertinite % 
c Liptinite %
50-95 (*=78 
tr-20 (x=2) 
tr-43 (*=20)
53-86 (x=75) 
tr-6 (x=3) 
8-42 (*=22)
3. Vitrinite
reflectance % 0.11-0.19 0.28-1.53 0.37-2.20 0.51-1.07
4. Characteristics greenish yellow bright yellow bright yellow weak yellow
of fluorescence to weak yellow to orange to dull brown to dull brown
5. Bitumen extract 858 514-1764 213-6424 649-4264
yield, ppm (x=966) (*=2125) *=2262)
6. Bitumen extract 77 85.6-191.7 65-264.4 78.2-185.1
ratio, mg/g TOC (*=125.2) (*=143.7) (x=138)
7. Hydrocarbon 107 163-622 125-1888.0 203.7-848.5
extract yield, ppm (x=299) (*=560.6) (x=406.2)
8. Hydrocarbon 9.8 24.5-67.7 17.6-60.3 20.3-60.3
extract ratio, (*=38.9) (*=34.8) (x=24.6)
mg/g TOC
9. Sat-Aro- (0-N-S ) 9.9-2.6-87.5 21.3-9.4-88.1 16.2-8.9-74.3 11.9-7.8-80.3
(average) 
10. Source
potential 
11. Maturation
good good good
martinally
fair
level immature immature 
to mature
mature to 
overmature
mature
12. Hydrocarbon 
generation
potential poor fair fair-good fair
Note:
1. The data exclude hand-picked coal/shaly coal and washed samples.
2. Source potential: poor-absent - 0.5% organic matter; fair - 0.5%-2%; good - 
2.0-6.0%; very good = >6% by volume.
3. Source quality from hydrocarbon extract data (ppm): inadequate - 0-50; adequate - 
50-1500; better - >1500 (Baker, 1972).
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organic matter for each of the organic
matter facies.
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to sparse. The rocks capable of generating significant amounts 
of hydrocarbons are in ccal-bearing sequences but the coal-rich 
strata are relatively thin. Gas chromatograms of the n-alkanes 
verify that the Yangbug facies samples are mature and have 
dominantly light-medium molecular weight n-alkanes; the 
hydrocarbon extract yield is greater than one per cent of HC/Corg 
which also indicates maturity for oil generation (Fig. 6.47). 
The hydrocarbon generation potential is therefore fair to good 
for coal-bearing sections intersected by Domi-1, but significant 
amounts of oil in the facies at this location are unlikely due to 
inadequate thicknesses of source rocks. Methane is also 
possible, but low gas yields indicated by the mud logs make gas a 
poor prospect. This study indicates that future exploration 
should be focussed where the Lower Yangbug facies are more deeply 
buried such as southeast of Domi-1 well and preferably where it 
contains thicker coal, shaly coal and carbonaceous shale 
components.
The Upper Yangbug facies (Middle to Late Miocene) has good source 
potential if both DOM and coal are considered. The facies 
comprises fluvial-deltaic sequences (in Sora-1, Domi-1, JDZ-VII-1 
areas)• This facies contains dominantly terrestrial—derived 
humic and liptinitic material in the fluvial-deltaic sequences. 
The perhydrous organic matter types are most abundant in the thin 
coal-bearing lithologies and could generate hydrocarbons at 
moderate maturation levels. This is verified by hydrocarbon
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extract yield data which indicates moderate to excellent 
hydrocarbon generating potential. The vitrinite reflectance data 
indicates that the oil generation range is approached in the 
Upper Yangbug facies. This maturation level is further 
supported by hydrocarbon ratio evidence which indicates that the 
most active hydrocarbon generation is over the depth ranges from 
1900 m to 2700 m depth in Sora-1, 2000 m to 2800 m depth in 
Domi-1, and 2100 m to 3000 m depth in JDZ-VII-1. According to 
the plots of hydrocarbon extract yields and organic carbon 
contents, most samples, including hand-picked coals from the 
Upper Yangbug facies, are in the mature zone above the diagonal 
line of Figure 6.47. The contents of saturated hydrocarbons 
range from 6% to 32.7% (average 16.2%) for these samples. Normal 
alkane distribution indicates maturity of the facies ranges from 
marginal for shallow horizons, through to overmature for the 
deeper horizons. Samples from the lower part of the section lose 
the strong odd/even carbon predominance in the C25-C32 range and 
a bimodal distribution ' of an. immature biogenetic hydrocarbon 
assemblage apparent in the shallow samples, and are dominated by 
shorter chain n-alkanes. Cluster analysis of n-alkane profiles 
indicates a high degree of similarity between samples dominated 
by coal and those containing only dispersed organic matter. Gas 
chromatograms of the liptinite-rich coal extracts, however, tend 
to have more branched/cyclic alkanes than those of the 
vitrinite-rich coal extracts. Biomarkers of the lower portion 
samples from the section indicate a terrestrial source and 
moderate maturation level.
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Organic carbon, weight percent
figure 6.47 Diagrams of hydrocarbon extract yield ratio for 
each of the organic matter facies showing 
maturity for oil generation. .
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Gas was detected within the Upper Yangbug facies in mud logging 
the wells studied and some oil cuts and oil fluorescence were 
also detected within the facies. The proportion of C2-C4 gases 
in JDZ-VII-1 is higher than those found in Tuna-1 oil and gas 
reservoir horizons in Gippsland Basin.
The oil generation potential of the Upper Yangbug facies is, 
therefore, good except at depths greater than 3800 m in 
Dolgorae-A and JDZ-VII-1 where organic matter is over mature.
The age and R^max of facies having gas shows are plotted in Figure 6.48 
using the time-temperature model of Conan (1974) and lie in the 
zones between major oil-gas and dry gas. However, it is not 
clear whether the shallow gases represent recently generated and 
migrated hydrocarbons or minor residual gas after significant oil 
and gas generation followed by charge loss due to inadequate 
traps or cap rocks. The maturation model indicates that the 
Upper Yangbug facies source rocks passed through the zone of 
significant oil generation during Late Miocene-Early Pliocene 
subsidence. Taking rapid burial and high rates of heat flow into 
account, gas generation has probably occurred since that time. 
This is confirmed by the presence of gas shows in the Late 
Miocene and Pliocene sequence. The gas shows in the Middle to 
Early Miocene sequence indicate a contribution from a possible 
deep source and early generation.
The areas of Sora-1, Domi-1 and JDZ-VII-1 of the Korean
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Vitrinitc Reflectance, Rv max %
0.5 0.8 1.5 3.0
68 104 140 183 234 291 360 440 540 °F
20 40 60 84 112 144 182 227 282 °C
34 32 30 28 26 24 22 20 18 (1/°K)(104)
Temperature
Gas
1 JDZ-VII-1, A300 in
2 Sora-1, 2000 m
3 Dolgorae-A, 2200 m
4 JDZ-VII-1, 2390 m
iigure 6.48 Plot of gas shows in a time-temperature 
model of oil genesis (after Hunt, 1979; 
modified from Conan, 1974).
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Continental Shelf are presumably both oil and gas prone, and oil 
accumulations may be proven at depth subject to optimum timing of 
sealing and reservoiring. This interpretation is, however, based 
on a very few exploratory well samples in a large area. 
Geological factors may vary markedly over this frontier area. 
More systematic sampling from more exploratory wells is needed to 
verify this interpretation.
The source potential of Yeonil organic facies is fair and 
hydrocarbon generation potential is fair to good because of their 
low maturity to overmaturity. This facies contains a mixture of 
marine phytoplankton-type organic matter and continental derived 
humic and recycled material in the marine sequences. Samples for 
Dolgorae-A in this facies are oil mature, but contain only sparse 
amounts of the mixed marine and terrestrial sourced organic 
matter. Gas and little oil in source sections of Dolgorae-A area 
could be expected because source and reservoir maturity are 
greater at greater depths. Attempts should be made to evaluate 
the possibility of finding better marine source units in the 
southeastern part of the Korean Continental Shelf area.
The source potential of Late Neogene facies is good but 
hydrocarbon generation potential is low because of their low 
maturity.
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6.8 ASPECTS OF MIGRATION AND ENTRAPMENT
One of the important mechanisms in the process of hydrocarbon 
accumulation, the migration behaviour of hydrocarbons is still a 
matter of debate. Problems arise because hydrocarbon movement is 
associated with complex interactions between the effects of 
temperature-pressure, compaction of sediments, hydrodynamics of 
fluids and other physicochemical-geological processes (Tissot and 
Welte, 1978; Hunt, 1979; Roberts and Cordell, 1980). It is 
generally recognized that hydrocarbon migration within the 
generating source beds is defined as primary migration, whereas 
hydrocarbon movement within the carrier and reservoir beds is 
called secondary migration.
Possible modes of migration to overlying strata have been 
proposed with or without water as a carrier. Hydrocarbon 
components may migrate by movement of a water phase containing 
dissolved hydrocarbons under the influence of several factors, 
such as hydrostatic and lithostatic pressure gradients, 
hydrodynamic gradients, and the effects of buoyancy and 
diffusion. The solubilities of oil in water are about 1-3 ppm 
but in gas-saturated water is about 3% by volume of oil (Price, 
1976; Bray and Foster, 1980). McAuliffe (1978) showed that for 
pure hydrocarbons in water, aromatics are the most soluble, 
paraffins the least soluble and naphthenes intermediate in 
solubility, with solubility increasing as the size of the
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molecule increases. Schmidt (1973) suggested higher salt 
concentrations enhance hydrocarbon exsolution. Peake and Hodgson 
(1966) observed that the long-chain hydrocarbon molecules are 
relatively more soluble than short-chain hydrocarbon molecules 
because of micelle formation. Recently Morton (1985) and Oliver 
(1986) suggested that fluids expelled during tectonic movement 
would have solubilized and transported the labile by-products of 
maturation from their organic source. An increasing solubility 
of petroleum occurs with increasing temperature (Price, 1973).
Hydrocarbon phase migration is another possible transporting 
mechanism of hydrocarbon compounds applicable bo organic—rich 
sediments. Citing Meissner (1978), Tissot (1984) explained that 
most of the water is expelled from organic-rich source beds 
before hydrocarbons are generated. At peak generation stage, the 
saturation of the pore space by hydrocarbons becomes high, and a 
continuous oil phase may form, so that expulsion of this phase 
becomes possible. Momper (1978) pointed out that hydrocarbon 
phase migration on a significant scale does not commence until 
the organic matter has generated about 850 ppm of total 
extractable organic matter.
In general, crude oils are enriched in saturate hydrocarbons 
relative to aromatic and polar compounds as compared with those 
of extracts from source rocks. Figure 6.49 shows the 
distribution of saturate, aromatic and polar compounds in a
Arom atics
100%
figure 6.49 Distribution of saturate, aromatic and polar compounds in 
Cretaceous/Tertiary crude oils of Gippsland Basin and 
bitumen extracts from the Korean Continental Shelf.
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typical non-marine source oil (Gippsland Basin) and source rock, 
extracts from the Korean Continental Shelves. The bulk chemical 
composition of some source rock extracts (mature horizons) tends 
to be close to that of crude oils. The crude oils are components 
containing saturates, aromatics and polars in decreasing order of 
abundance, and this order is the opposite of the aqueous 
solubilities. Tissot and Pelet (1971) explained that saturate 
hydrocarbons preferentially move out of the rock because of low 
absorption by both organic matter and mineral surfaces. Some 
authors (i.e., Barker, 1979; Leythaeuser et al., 1984) thought 
that moving hydrocarbons through a rock is similar to moving a 
mixture through a chromatographic column and that separations can 
be expected due to the different relative rates of movement.
Figure 6.50 shows the changes in abundance of n-alkanes in 
extracts from samples of coal-rich lithologies with increasing 
maturation. Quantitative concentration of n-alkanes is
calculated as follows:
Individual n-alkanes =
EOM (microg) X saturates (%) X total alkanes (%) X individual n-alkanes (%>
total organic carbon (g)
It is clear that the significant amount of waxy hydrocarbons in 
coals has been eliminated during coalification development and 
this decarboxylation and/or hydrogen disproportionation have been 
nearly completed at a vitrinite reflectance of 0.66-1.44 per
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Figure 6.50 Changes of abundance of n-alkanes in extracts from 
samples with abundant coaly organic matter.
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cent samples studied. About ten times the quantity of waxy hydrocarbons formed ab 
ratihs less "than 0.38% Rytmax migrated during maturation processes between 
0.38 per cent and 1.44 per cent of vitrinite reflectance, 
whereas, the shorter n-alkanes have been increased about 15-20 
times at a reflectance of 0.66 per cent as compared with that of 
0.38%, and developed about 10 times at 1.55 per cent of vitrinite 
reflectance. This indicates that an efficient expulsion of 
generated n-alkanes has occurred in relation to the early 
generation of shorter n-alkanes in the Upper Yangbug
carbonaceous-rich horizons. With further increasing maturation, 
the shorter n-alkanes in coals progressively increase but the 
total amount of n-alkanes decrease. These features may be 
influenced by depletion of generated n-alkanes and cracking 
reaction at high maturity level. Early expulsion and migration 
of hydrocarbons can also be inferred from the correspondence of 
the termination of the major phase of water loss from vitrinite 
and the development of secondary bitumen-related fluorescence in 
vitrinite (Cook and Struckmeyer, 1986).
These compositional changes in the depletion and expulsion of 
hydrocarbons with increasing maturation are in general agreement 
with data reported by Radke et al. (1980) and Leythaeuser et al.
(1984). Radke et aJL. (1980) pointed out that hydrocarbon 
migration out of coal appears to be unlikely because of the 
limitations in mobility of longer n-alkanes within the ultralow 
pore-size framework of the coal structure at higher rank
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(0.95-1.40% of vitrinite reflectance). Therefore, hydrocarbons 
generated within vitrinite of reflectance less than 0.7 per cent 
can be more effective at moving from source rock to reservoir 
rock as compared with those generated at a higher reflectance. 
The early expulsion-migration theory can explain the numerous 
occurrences of light oils and condensates in immature to early 
mature sequences containing non-marine source rocks in the 
Gippsland Basin (0.45-0.60% of reflectance, Smith and Cook, 1984) 
and Niger Delta (Evamy et al., 1984).
Table 6.19 summarises several factors associated with migration 
and entrapment in the area of the exploratory wells. The 
relatively impermeable marine sediments (0.5-1.5 km) overlying 
the Upper Miocene unconformity provide an excellent seal to the 
system. Aquifer systems are not known in the offshore area, but 
a favourable hydrodynamic system might be facilitated by the 
laterally extensive and interconnected porous fluvial, deltaic 
and littoral units in the Yangbug and Yeonil sequences. A large 
scale hydrodynamic system was not found in the study area. The 
arenites in each well have good porosities (10—30%) and 
permeabilities (up to 2000 milli—darcies) in the reservoir 
horizons • Thin sections of the arenites show that they have 
poor to good sorting and rare to common secondary porosity (KIER, 
1982). Porosities decrease relatively rapidly beyond 12% in the 
lowermost Miocene sequences. The turbidite sandstones in the 
lower zone of Dolgorae-A (2800-4200 m) show common secondary
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Table 6.19 Some factors controlling migration and entrapment in the potential 
Korean southern-southeastern continental shelf (data from KIER, 1980, 1982)
Dolgorae-A Sora-1 Domi-1 JDZ-VII-1
Reservoir depth 1.9-2.6 km 
2.8-4.2 km
1.3-1.6 km 1.7-2.4 km 1.7-2.6 km 
3.3-3.7 km
Sorting moderate moderate poor-good moderate
Porosity good
(10-30%)
moderate-
good
(12-23%)
good
(16-25%)
poor to 
moderate
Permeability N.D. N.D. 2100 md 
(1959 m)
N.D.
Aquifer system N.D. N.D. N.D. N.D.
Trap configuration Structural
trap
Structural
trap
Structural
trap
Structural
trap
Seal good good good good
Diagenesis of 
sandstone
Mesogenetic 
semi-mature 
to mature
Mesogenetic
semi-mature
Mesogenetic
semi-mature
Mesogenetic 
semi-mature 
to mature
Maximum
thickness
13 m
3381-3394 m
16 m
1628-1665 m
15 m
2193-2213 m
15 m
2520-2600 m
Sandstone turbidite fluvial fluvial fluvial to 
deliaic
Tectonism Upper Miocene 
- Pliocene
Upper Miocene Upper
Miocene
Upper Miocene
Note: N.D. - Not detected
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porosity in a mesogenetic mature condition. The sandstone 
thickness generally averages 5 m, and maximum thickness ranges 
from 13 m to 16 m in the area. Water saturation averages 75%.
Some potential petroleum traps and fault-stratigraphic traps 
exist in the present study area, but good closure associated with 
well-developed anticlines has not been reported to date. The 
traps are sealed by the overlying fine-grained marine sediments. 
These structures might have developed before the Middle Miocene 
and continued to develop through the Pliocene with significant 
rejuvenation.
The coincidence and timing of some factors required for petroleum 
accumulation have not been fully determined for the accumulation 
of economic hydrocarbons in the study area. In particular, the 
timing of development of traps might play a crucial role in the 
accumulation of hydrocarbons in the southern Korean continental 
shelf area. The generated petroleum can be trapped, if the 
timing of trap formation is favourable, at shallower depths in 
the Southern and Southeastern Korean Continental Shelf area 
because of the terrestrial nature of the source material and the 
good reservoir quality.
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SUMMARY AND CONCLUSIONS
1. The Korean southern-southeastern Continental Shelf is an 
epicontinental rift-depression type basin which has a 
complex Tertiary tectono-sedimentary history following 
subsidence of the Cretaceous Gyeongsang Supergroup and 
formation of grabens and uplifts. Terrestrial environments 
were dominant in the Early Tertiary and marine transgression 
into Korean Continental Shelf occurred in the Late Miocene- 
Pliocene. The proximal region of Korean Continent in the 
southern-southeastern Continental Shelf underwent rapid 
burial metamorphism in the Early Miocene followed by a 
stable phase in the Upper Miocene-Pliocene. The distal 
offshore region of oil concession block in the Korean 
southern-southeastern Continental Shelf underwent early 
minor rapid and deep burial metamorphism in ?Paleogene- 
Middle Miocene followed by a marine transgression- 
regression. The paleothermal history in the area conforms 
to an isothermal model indicating attenuating heat flow as 
the basins have developed.
2. Three organic matter facies in the study area are recogniz­
able. These are (oldest first), the Yangbug, the Yeonil andthe 
Labe Weqgene facies. Fair to good, locally poor to very good, 
source potential for hydrocarbons occurs throughout the 
three organic facies. Most of the organic matter in the 
LoV/er and Upper facies is of continental origin with
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source potential enhanced by local concentrations of 
perhydrous liptinite or orthohydrous-perhydrous vitrinite. 
This orthohydrous and perhydrous-rich organic matter is most 
abundant in the coal measures of Yangbug facies. A marine 
source component is present in the Late Neogene facies and 
ÎS present in the Yeonil facies.
3. Data from organic petrological and geochemical determination 
indicate that the main oil and gas generation zone is 
approached in the Yangbug and Yeonil organic matter facies. 
Microscopic features relating to liquid hydrocarbon 
generation and expulsion occur in these sequences. These 
are the release of a green fluorescing material (oil cuts 
and staining) and the occurrence of fluorescing vitrinite, 
exsudatinite, micrinite, fluorinite and bitumen. The 
bitumen is found impregnating some carbonate-, clay- and 
sand-filled pores. A maximum yield of bitumen extract, 
presence of shorter chain n-alkanes, decrease of a odd/even 
predominance of the long chain n-alkanes and decrease of 
polycyclic alkanes is also observed at the Yangbug and 
Yeonil facies sequences. Further evidence for hydrocarbon 
generating potential is provided by the occurrence of C1-C4 
gas and oil fluorescing in cuttings from mud logs of the 
Yangbug facies sequence. A combination of the distribution 
of organic matter and level of maturation indicate 
significant hydrocarbon generative capacity for the Yeonil 
and Yangbug facies. The Pliocene sequences in the Korean
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southern-southeastern Continental Shelf have not reached the 
oil generation zone.
4. Vitrinite reflectance data suggest that the area of the 
JDZ-VII-1 and Dolgorae-A has experienced higher geothermal 
gradients than are measured in Sora-1 and Domi-1. The 
thermal event may be of Upper Miocene age, caused by an 
igneous intrusion associated with the uplift of the basin 
which occurred prior to continental breakup. The extent of 
uplift and erosion could be reflected in systematic 
variations in trap structure, seal and reservoir quality.
5. The general form of relationship between the extract yield 
and vitrinite reflectance indicates peak extracts at low 
maturation levels were derived from the humic-dominated 
organic matter and at higher rank from the liptinitic-rich 
organic matter. This may indicate that a two step path of 
hydrocarbon generation occurs where source rocks comprise 
both terrestrially-sourced and marine-sourced organic 
matter.
6. No significant difference in extract character was 
identified between samples dominated by coal and those 
containing only dispersed organic matter. This supports 
petrographic evidence that coals are capable of generating 
hydrocarbons other than methane. An early expulsion­
migration mechanism'is likely to be significant in relation 
to early generation of liquid hydrocarbons in the coal­
bearing lithologies.
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CHAPTER SEVEN
SOURCE ROCKS AND MATURATION HISTORY 
OF PART OF GYEONGSANG BASIN
7.1 CRETACEOUS STRATA OF THE HAENAM AREA
7.1.1 Introduction
Cretaceous black shales in the coastal Haenam area of southwest 
Korea, contain small amounts of semi-solid bitumen. The bitumen 
is commonly found in outcrop and was also encountered in the 
shallow drillholes, Uhangri-1 and Sinseongri-1. The 
bitumen-bearing shales lie in isolated small patches of 
sedimentary strata which outcrop as the Uhangri Shale/Tuff 
Member, and may be correlated with the Upper Cretaceous 
Gyeongsang Volcanic Group in the Gyeongsang Basin (Son et al., 
1980). The Lower Cretaceous sequence of the Gyeongsang Basin 
shows a poor source rock potential due to its high maturity and 
low content of organic matter (Chang, 1978; Urn et al., 1983).
The geology of Haenam is well documented (Lee, 1966; Son et al., 
1980). The Uhangri Shale/Tuff Member has been suggested as a 
possible source for the bitumens (Lee, 1966; Lee and Lee, 1976; 
Lee e t a l ., 1976, Lee and Yun, 1979; Son et al., 1980;
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Kim, 1980). Little is known about organic matter type, level of 
maturation of source rocks in the Haenam sedimentary strata. 
Microscopic examination indicates the bitumen normally occurs in 
fractures and in veins together with carbonate and quartz.
This outline is an evaluation of the generation potential and 
migration history of crude oil/bitumen from the Uhangri 
Shale/Tuff Member. It is based on petrographic observations of 
bitumens in association with carbonates filling fractures/veins, 
and geochemical analyses. The study integrates details of the 
nature and maturity of organic matter in the Upper Cretaceous 
sequence in the Gyeongsang Basin.
7.1.2 Petrography of Uhangri Member Shale
The black shale of the Uhangri Member is generally well laminated 
and comprises quartz, calcite, dolomite and clay minerals as 
major mineral components. Feldspar (plagioclase and orthoclase) 
and pyrite are also present (Table 7.1). Significant 
petrographic characteristics of the black shale are the high 
carbonate content and secondary silica overgrowths. The 
carbonates are predominantly calcitic and contain carbonate 
carbon contents from 2% to 43.8%. The major non-carbonate 
constituent is quartz. The bitumen-rich beds mainly occur in 
calcite or quartz dominated lithologies at shallow depths. The 
bitumen-po^r beds contain mostly quartz, plagioclase and clay
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Table 7.1 Mineralogies of the Uhangri Member shales 
Determined by powder X-ray diffraction
Minerals (relative abundance %)
Samples Quartz Calcite Dolomite Plagioclase
Chlorite- 
Montmor- 
Pyrite illonite Kaolinite
Unit A-3 45 31 tr tr <1 22 tr
Unit A-4 62 8 tr tr <1 29 tr
Unit A-6 41 36 tr tr <1 22 tr
Unit B-5 26 47 tr tr <1 25 tr
33,1 m 45 <3 25 6 <1 20 tr
42.1 m 56 <4 <1 6 <1 25 tr
53.2 m 60 9 <2 <3 <1 25 tr
60.8 m 53 26 <1 <1 <1 17 tr
83.4 m 55 <1 <1 11 <1 31 tr
98.6 m 50 <3 14 <1 <1 31 tr
151.4 m 52 5 <1 <5 <1 36 tr
177.4 m 38 17 <1 <3 <1 38 tr
248.6 m 47 6 15 <1 <1 31 tr
266.2 m 60 <3 <3 9 <1 25 tr
Note: (1) Unit A; black shale of upper part outcrops
(2) Unit B; calcareous shale of lower part outcrops
(3) Depths denote core sample’s depth from Sinseongri-1 well
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minerals (montmorillonite, chlorite, illite and kaolinite) . The 
bitumen-rich rocks are commonly rich in carbonate and contain 
less dispersed organic matter but more extractable organic matter 
than the carbonate-poor shales.
7.1.3 Organic Matter Type and Abundance
The composition and abundance of dispersed organic matter (DOM) 
as determined from petrographic examination of samples from 
outcrops and Sinseongri-1 cores are given in Table 7.2 and Figure 
7.1. DOM contents of these rocks range from 0.9% to 41% by 
volume (determined by visual approximation and point counting). 
DOM comprises 40-60% vitrinite, 15-40%. inertinite and 10-30% 
liptinite. The black shales are characterized by high contents 
of terrestrial phytoclasts.
Vitrinite is the most common organic matter type in the Uhangri 
Shale Member. Vitrinite occurs, as small phtyoclasts, laminae, 
lenses and disseminated fragments, and is commonly associated 
with the carbonates and claystones. Inertodetrinite is the 
second most common maceral in these rocks. It is irregularly 
shaped and mostly comprises redeposited debris of fusinite, 
semifusinite, macrinite, fusinitized resin, and reworked 
vitrinite. The very high reflectance of some grains (Rvmax 3.0%) 
suggest they were derived from charred plant remains.
Table 7.2 Abundance and type of dispersed organic matter from Uhangri Shale Member in Haenam
Sample Volume
(%)
Composition
V-I-L
(%) Petrological summary
Outcrop Unit
A-l 3.1 42-29-29 n Vitrinite abundant as small phytoclasts, laminae, disseminated
A-2 2/1 62-24-14 fragments. Common inertodetrinite and minor pyrofusinite.
A-5 1.7 53-18-29 _ Liptodetrinite common with weak orange-brown fluorescence. Green
A-7 2.1 52-33-15 fluorescing bitumen common in carbonate and quartz fractures.
B-2 2.2 64-9-27 Shale>carbonate.
B-4 4.1 37-32-31 J
Sinseongri--1 Cores (m)
33.1 2.5 44-28-28 -, Vitrinite abundant. Common inertinite comprising inertodetrinite,
42.1 2.5 52-32-16 fusinite, semifusinite, fusinitized resin and macrinite. Liptodetrinite
53.2 3.1 55-23-22 - common with weak orange-brown fluorescing flecks and patches. Bitumen
67.6 1.9 58-16-26 rare. Clay minerals commonly show dull orange-brown fluorescnece.
86.3 1.8 56-22-22 Carbonates show dull to bright green fluorescence. Framboidal and
93.3 1.8 56-22-22 massive pyrite common. Ostracod shell fragments rare. Shale>carbonate.
98.6 2.5 52-36-12
151.4 2.0 50-40-10
157.9 1.3 70-15-15
177.5 1.8 56-33-11
246.4 1.3 42-27-31
248.2 0.9 56-33-11
259.2 2.6 58-32-10
261.8 3.1 61-32-7
266.2 1.1 46-36-18 -J
387
388
Pyrofusinite, semifusinite, macrinite and fusinitized resin are 
present but are rare to sparse. Micrinite, in association with 
vitrinite, is rare to sparse in the carbonate matrix.
Liptinite identification is difficult because of weak or absent 
fluorescence, small size and small amounts. Liptodetrinite is 
the most common form of liptinite. This could be derived from 
phytoplankton. Higher plant liptinite is very rare. Coal is 
absent.
The black shales exhibit fluorescing organic matter in the form 
of disseminated green flecks and blebs, and small dull 
orange-brown bodies of variable shape. The green fluorescing 
patches are present mostly in carbonate grains or in the 
intergranular spaces between quartz. They are structureless, 
insoluble to slightly soluble in immersion oil and are common in 
semi-solid crude oil/bitumen-rich shales. This material is 
described as bitumen in the present study and does not belong to 
liptinite group. Bitumen comprises about 20-50% of the total 
optically distinguishable organic matter content in bitumen-rich 
shales.
Mineral matter fluorescence is very common. It includes 
sub-circular brown clay granules, dull green carbonates and 
bright green fluorescent matter. Both framboidal and massive 
pyrite are common. Ostracod shell fragments and faunal remains
are present.
L ip t in i te  
1 0 0 %
1 0 0 %50In e r t in i te
Figure 7.1 Macérai composition of dispersed organic matter in 
Uhangri Shale/Tuff Member.
V i t r in i te
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PLATE 8
Photomicrographs of DOM and Bitumen in the Upper Cretaceous
Strata of Haenam
1. Sinseongri-1, 33.1 m, Rvmax = 1.28%; field width - 0.34 mm, 
reflected white light. Highly reflecting pyrofusinite 
containing well preserved cell structure.
2. Uhangri unit A -7, Rvmax = 1.25%; field width = 0.34 mm,
reflected white light. Stronglyreflectir^ fusinitized resin.
3. Uhangri unit A-l, Rvmax = 1.25%; crossed nicols xl6.
Typical bitumen (black, top and bottom) occurring along a 
calcite vein (white elongated vein) in shale.
4. As for No.3, but section parallel to bedding using nicoles 
x8. Bitumen (ozocerite) infilling intergranular pores of 
secondary carbonates.
5. Uhangri Unit B-4, Rvmax = 1.27%; field width = 0.28 mm,
reflected white light. Traces of bitumen remaining in the 
calcite veins having a greenish yellow fluorescence.
6. Uhangri Unit A-l, Rvmax = 1.25%; field width = 0.34 mm, 
fluorescence mode. Bitumen (greenish yellow fluorescing 
matter) in quartz fractures.
7. Uhangri Unit A—1, Rvmax = 1.25%; field width = 0.34 mm, 
reflected white light. Bitumen (ozocerite) residue 
(greenish yellow fluorescence) in carbonate vein.
8. As for No.7, but in fluorescence mode.
P8
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Atomic hydrogen versus carbon ratios of the organic matter range 
from 0.45 to 1.13. Shales free of the semi—solid bitumens have 
low H/C ratios (0.45 to 0.65) and are referred to as type III (or 
type IV) organic matter. Samples containing bitumen have higher 
H/C ratios (0.67 to 1.13) and on bulk chemical analyses belong to 
type II-III organic matter (Figure 7.2, Table 7.3). Vitrinite 
and inertinite are the dominant types of organic matter in shales 
from the Uhangri Member and their H/C ratio is considerably lower 
than the bitumen—bearing shales. Chemical composition of the 
Uhangri Member are given in Tables 7.4 and 7.5. As would be 
expected, bitumen—rich rocks tend to have higher bitumen ratios, 
hydrocarbon ratios, and saturate/aromatic hydrocarbon as compared 
to the bitumen-free rocks. Bitumen-bearing rocks have higher 
extractable organic matter (EOM) with high saturated hydrocarbon 
contents whereas bitumen-poor rocks have a low yield of EOM and 
this EOM consists mostly of asphaltenes and polar compounds.
7.1.4 Ozocerite
A classification system of natural hydrocarbons based on chemical 
and physical characteristics has been used by some workers (Hunt 
et al., 1954; Rogers et al., 1974; Wen et al., 1978). The 
hydrocarbons in the Uhangri Member are classified as ozocerite 
because of their high H/C atomic ratios (1.92-2.01) (Table 7.6), 
stiong infrared spectra absorption in the characteristic
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Figure 7.2 Atomic H/C versus 0/C diagram showing a suite of 
demineralized organic matter plots and ozocerite.
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Table 7.3 Elemental composition of the demineralized
organic matter from the Uhangri Member black shales
Sample C
( %
H N S  0 
dry ash-free basis )
Ash
(%)
H/C 0/C
Unit A-l 77.46 7.34 0.10 1.32 13.78 4.8 1.13 0.13
Unit A-7 80.45 6.76 0.09 1.75 12.06 6.9 1.02 0.11
Unit B-2 73.74 4.54 0.98 3.0 17.74 15.0 0.74 0.18
Unit B-5 72.40 4.68 1.01 3.48 18.43 15.0 0.78 0.19
Core 33.1m 64.63 4.31 0.56 0.42 30.08 19.0 0.80 0.43
Core 53.2m 73.64 4.26 1.05 1.58 19.47 22.2 0.69 0.21
Core 67.6m 79.62 4.43 0.98 2.09 12.97 4.7 0.67 0.12
Core 83 .4m* 68.07 2.55 0.79 2.72 25.87 26.2 0.45 0.29
Core 119.3m* 65.55 3.11 0.66 6.18 15.38 20.0 0.57 0.22
Core 155.15m* 76.84 3.74 0.57 3.49 15.36 18.0 0.59 0.15
Core 248.6m* 70.69 4.61 0.37 1.49 22.84 19.3 0.78 0.26
Core 266.2m* 70.08 3.79 0.12 1.31 24.7 11.7 0.65 0.24
Notes: (1) * denotes samples that do not have naturally
occurring bitumen visible in hand specimen
(2) Oxygen content was calculated by difference
(3) Samples were determined at the AMDEL
395
Table 7.4 Chemical composition of natural bitumen-bearing and biWmen- 
free shales from Uhangri Member
Sample TOC
(%)
CO3
(%)
E0M
(ppm) SAT
EOM
AR0
(%)
POLS ASP
Bitumen
Ratio
(3)
HYC
Ratio
W
Sat/Aro
Bitumen- bearing
Unit 1
A-l 0.81 17.2 3915 80.7 6.5 9.6 3.2 483 401 12.4
A-2 0.95 22.1 5428 81.8 7.9 8.8 1.5 571 473 9.7
A-3 0.93 20.9 5551 82.6 7.6 7.1 2.7 597 481 10.8
A-4 1.49 9.6 4644 69.1 11.9 14.9 4.1 312 233 5.8
A-5 1.10 8.0 2812 73.6 6.7 11.1 8.6 256 184 ’ 11.0
A-6 0.94 20.1 5430 78.2 9.7 8.5 3.6 577 470 8.0
A-7 0.95 22.7 5466 81.0 7.7 7.3 4.0 575 458 10.5
Unit 2
B-l 0.61 41.7 3060 79.8 7.0 10.2 3.0 502 398 11.4
B-2 0.47 43.8 2627 80.9 5.6 9.6. 3.9 559 420 : 14.3
B-3 0.97 29.9 3759 78.2 10.0 8.3 3.5 388 309 7.9
B-4 0.90 30.1 4818 72.7 14.0 9.8 3.5 535 432 5.2
B-5 1.35 24.6 1711 77.1 2.3 9.7 10.9 127 88 33.8
Bitumen- free (from Sinseor\qri-l)
33.1 m 1.61 23.8 1237 81.2 4.4 8.2 6.2 77 58 18.5
42.1 m 0.95 4.5 647 75.9 2.1 9.2 12.8 88 52 35.5
53.2 m 1.29 6.1 547 71.8 3.3 11.8 13.1 42 . 29 21.7
60.8 m 0.72 12.6 199 58.7 1.9 16.5 22.9 28 15 31.6
67.6 m 1.57 20.1 385 61.9 9.5 10.0 18.6 25 17 6.5
248.6 m 1.74 7.4 1103 79.9 2.8 7.5 9.8 63 48 28.0
Notes: (1) Unit A; black shale of lower part outcrops
(2) Unit B; calcareous shale of upper part outcrops
(3) Bitumen Ratio; mg extractable organic matter/g total organic carbon
(4) Hydrocarbon (HYC) ratio; mg hydrocarbon/g TOC
Table 7.5 Chemical composition of natural bitumen-free shales 
from Uhangri Member in Sinseongri-1 (cofthinueà)
Sample 
(Core, m)
TOC
(%)
co3
(%)
E0M
(ppm) SAT
E0M
AR0
(%)
POLS ASP
Bitumen
Ratio
HYC
Ratio
Sat/Aro
83.4 0.72 2.0 105 8.7 3.5 12.3 75.5 14.6 1.7 2.5
86.3 1.14 10.7 109 10.1 3.4 19.9 66.6 9.6 1-2 3.0
93.3 1.32 8.1 119 12.7 4.7 30.2 52.4 9.0 1.5 2.7
98.6 1.34 12.4 99 28.8 7.7 11.5 52.0 7.4 2.4 3.7
119.3 0.63 18.5 127 7.6 4.5 10.6 77.3 20.2 2.2 1.7
151.4 1.43 5.7 102 7.3 1.8 18.2 72.7 7.1 0.6 4.1
155.2 1.54 11.2 62 12.1 6.1 24.2 57.6 4.1 0.7 2.0
157.9 0.78 6.9 50 7.2 3.5 50.0 39.3 6.4 0.7 2.0
177.5 0.75 7.9 59 12.5 6.2 25.0 56.3 7.9 1.3 2.0
246.4 0.61 2.2 104 22.0 8.5 20.4 49.1 17.0 4.9 2.6
256.4 1.09 2.2 134 11.1 9.8 16.7 62.4 12.3 2.4 1.1
259.2 1.94 2.4 129 12.7 7.0 28.2 52.1 6.6 1.3 1.8
261.9 0.56 2.4 102 7.3 9.1 5.4 78.2 18.2 2.7 0.8
266.2 0.63 3.2 129 7.2 5.6 23.9 63.3 20.5 2.4 1.3
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Table 7.6 Elemental composition of the extractable bitumen
from the Uhangri Member black shales
Sample C
( %
H
dry ash-
N
•free
0
basis )
S H/C 0/C
Unit A-l 82.58 13.77 0.54 2.72 0.39 2.00 0.025
Unit A-7 83.88 13.38 0.28 2.07 0.39 1.92 0.019
Unit B-2 83.39 13.97 0.48 1.77 0.39 2.01 0.016
Unit B-5 83.54 13.63 0.47 1.97 0.39 1.96 0.018
Core 33.1m 79.80 12.91 1.06 - - 1.94 -
Core 67.6m 66.44 8.16 1.37 - - 1.47 -
Core 98.6m 58.71 6.21 1.60 - - 1.27 -
Core 248.6m 70.56 9.99 1.39 — — 1.70 -
Notes: (1) Oxygen content was calculated by difference
(2) Samples were determined at the AMDEL
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paraffinic hydrocarbon ranges and a dominance of saturate 
compounds (58.7%-82.4%) (e.g., Table 7.4, Figures 7.3-7.4). The 
oxygen, sulphur and nitrogen contents of ozocerite is lower than 
bitumens such as albertite, gilsonite and wurtzilite. Normal 
alkanes are major components in ozocerite and have high wax
contents. Hunt et__al. (1954) reported that H/C ratio of
ozocerite is higher than that of other bitumen and occurs in the 
deepest sedimentary sequences. Ozocerite is dark yellow to dark 
brown and has an 'oily' odour. In the Haenam area, it occurs as 
i-n calcite veins and as fractures associated with
quartz.
7.1.5 Environment of Deposition
It is generally agreed that Haenam ozocerite-rich shales were 
deposited in a lacustrine environment. This interpretation is 
based on the limited lateral extent of the unit, sedimentary 
structures (cyclicity of sedimentation, presence of fine 
laminations, fine grain size, ripple marks and carbonate 
encrusted structure), and fossil assemblages (ostracods, 
phytoclasts and stromatolites; e.g., Lee and Lee, 1976; Son et 
al., 1980). The presence of fine grain size clay minerals,
coupled with fine lamination indicates that the ozocerite-rich 
shales were deposited in quiet, low energy conditions. However, 
poor preservation of organic matter and irregular occurrence of
3500  3000 2500 2000 1800 1600 1400 1200 1000 800 600 400
Figure 7.3 Infrared spectra of polar compound (Uhangri unit A-2), extract (Sinseongri-1, 33.1 m) and 
Ozocerite (Uhangri unit A-l) in Haenam.
3
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Figure 7.4 Ternary diagram of the extractable bitumen from 
Uhangri Member shales.
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autochthonous carbonate mineral in some strata suggest that 
environmental conditions may have varied considerably possibly 
because of climatic changes.
The preservation of small amounts of organic matter could be 
enhanced by unfavourable environmental conditions. This suggests 
that the lakes were characterised by cold climate, low amount of 
vegetation and toxic sedimentary environments (e.g., high 
temperature-salinity-pH, poor water circulation, periodic lake 
dryness and toxic chemical input from volcanic flows). Absence 
of coal and higher plant liptinites suggest the lakes were 
located far from peat-forming swamps. The presence of 
interbedded tuff, volcanic fall and pillow structures indicate 
the lakes bordered volcanic areas or formed in volcanic 
depressions. The ozocerite-bearing shales contain some high 
reflectance inertinite (i.e., pyrofusinite, macrinite, 
inertodetrinite) that is possibly a contribution from 
allochthonous charred plant materials.
The carbonate minerals result mainly from inorganic precipitation 
from biogenic and allochthonous deposition (Dean and Fouch,
1983). The ozocerite-bearing sediments were deposited in a 
shallow water lake. Sherwood (1984) described authochthonous 
carbonate as being more abundant in the littoral environment 
because of higher temperatures that decrease carbonate solubility 
and the buffering effects of the larger inputs of allogenic and 
biogenic carbonate.
7.1.6 Level of Maturation
Vitrinite reflectance data for the Uhangri Member samples are 
presented in the form of reflectance/depth profiles in Figure 
7.5. Vitrinite reflectances range from 1.26% to 1.69% for the 
outcrop and Sinseongri—1 core samples. The maturation level of 
the Uhangri Member shales in Haenam area ranges from very late 
oil mature to beyond the liquids death line. Most ozocerite 
occurs in the range from 1.2% to 1.4%. Vitrinite reflectance 
increases slightly with depth of burial. At this level of 
maturity hydrocarbons will have been generated from every organic 
matter type. Smith and Cook (1980) showed that there is a rapid 
inertinite coalification in the Rvmax range from 0.3% to 0.8%. 
Following their maturation model (e.g., Smith and Cook, 1980,
1984), inertinite group macérais are assumed to generate 
hydrocarbons during early burial metamorphism. All the other 
macérais present must be close to completion of liquids 
generation. The preservation of bitumen in such a mature 
sequence is unusual but bitumen cokes have been reported (Cook et 
^al., 1972; Glavan and Murchison, 1975). The existence of bitumen 
cokes suggests that bitumens do not completely break down to form 
gas at high levels of maturation. It is, however, possible that 
the bitumens represent a hydrocarbon phase generated in the 
overlying (now eroded) Tertiary which migrated down into the 
underlying Mesozoic. Some geochemical parameters for maturation 
(pr/C]^7, ph/C^g, CPI and saturates/aromatics) show inconsistent 
trends and a poor correlation with vitrinite reflectance trends.
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Figure 7.5 Vitrinite reflectance profile for Sinseongri-1 
and outcrops.
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7.1.7 Thermal History
The vitrimte reflectance gradient of the Uhangri Member is high 
in Sinseongri-1 well. This gradient indicates that rapid rates 
of temperature increase occurred during or after deposition of 
Late Cretaceous sediments. A high paleo-heat flow during the 
Cretaceous is considered likely.
The high initial heat flow was possibly caused by deep crustal 
metamorphism (Middleton, 1980)• The Cretaceous source rocks may 
have reached the threshold of significant hydrocarbon generation 
in the Late Cretaceous to the Early Tertiary, and the development 
of oil maturity is indicated by the presence of ozocerite in the 
Late Cretaceous age sequence. However an origin from an 
overlying sequence cannot be discounted.
7*1*8 Generation Potential of Uhangri Shale/Tuff Member
The Uhangri Shale/Tuff Member of Haenam area has common to 
abundant (1% —4%) organic matter with a high proportion of 
terrestrial phytoclasts and is at the base of the conventionally 
defined oil window; hence its generation potential is poor.
The vitrinite-inertinite dominant Uhangri Member however, 
contains common liptinite. If liptinite is regarded as the only 
possible source for liquid hydrocarbons, the Uhangri Member would 
be rated as having a poor potential. Conventional hydrocarbon
405
generation models regard vitrinite and inertinite as having very 
little capacity to generate liquid hydrocarbons or that they can 
act as a source for gas only (Tissot and Welte, 1978). The basis 
of this belief is that these types of organic matter have low 
hydrogen content. However, vitrinite-rich DOM and coals release 
a high proportion of n-alkanes (Evans et al., 1984; Rigby et al., 
1985; Kim and Cook, 1986), suggesting that the role of vitrinite 
is significant as a hydrocarbon source. A significant amount of 
inertinite could be the source for small amounts of hydrocarbons 
at the early maturation stage (Mitchell et al., 1977; Smyth,
1983). Saxby and Shibaoka (1986) mentioned that it is almost 
impossible to establish, clearly, by chemical, petrological or 
geological arguments, whether immature inertinite, in any of its 
variations, is a potential source of oil under geochemical 
conditions in nature.
Liptinite is not a common maceral in the Uhangri Member shales. 
Possible reasons for the paucity of liptinite are that it is 
submicroscopic, non-fluorescing and therefore difficult to 
detect. A cross—plot of the atomic H/C ratios and extractable 
organic matter from the Uhangri shales is presented in Figurs 
7.6. High H/C organic matter appears to contain high proportions 
of soluble bitumen (EOM), suggesting that vitrinite-liptinite 
(H/C = 0.75-1.13) are genetically related to the ozocerite.
te is minor, but could contribute to the generation of 
some parts of the hydrocarbons due to its high capacity to yield 
oil (Figure 7.7).
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Figure 7.6 Atomic H/C versus extractable organic matter 
from Uhangri Shale/Tuff Member.
Correlation Coefficient
V i t r in i te  (Aro)
100%
r Sat Aro Pol
Vit - 0 . 2 a - 0 . 2 2 0.22
Int - 0 . 3 5 0.01 0.34
Lip 0.51 0.17 - 0 . 5 2
95% significance level = 0 . 4 5  
N = 16
100%
L ip t in i te  (Sat)
100%
In e r t in i te  (Polar)
Figure 7.7 Relationship between organic macerals and bitumen extracts 
for samples from the Uhangri Shale/Tuff Member.
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The extracts of ozocerite-bearing shales have high saturated 
hydrocarbon components, but asphaltens are richer in the extracts 
of ozocerite—free shales (Figure 7.8). They also show that the 
content of saturated hydrocarbons does not change with increasing 
maturation while the contents of asphaltic compounds vary 
considerably in the ozocerite—free shales without a consistent 
trend. The content of saturated hydrocarbons in the 
ozocerite—bearing shales is as high as the saturate content of 
terrestrial sourced oils from Australian Gippsland Basin show 
(Kim and Cook, 1986). The presence of ozocerite is indicated by 
hydrocarbon stain and carbonate—rich shales appear to have a high 
incidence of hydrocarbon stains (Figure 7.9).
Correlation of Ozocerites with Conventional Crude Oils
Normal alkane distributions of the ozocerite are similar to 
saturate-rich waxy crude oils (Figure 7.10-7.11). These are
dominated by medium to heavy molecular weight alkanes (C15-C29) 
with moderate odd-even predominance. The wax range of 
hydrocarbon is high and isoprenoid contents are low.
Ozocerite-bearing rocks from Sinseongri-1 (53.35 m, 98.8 m) have 
n-alkanes similar in many aspects to ozocerite-bearing shales in 
outcrop. But deep section shales have less abundant medium 
molecular weight hydrocarbons (Cl5”C25) as compared with 
ozocerite in outcrop. In comparison, n-alkanes of the 
ozocerite-poor rocks are highly variable (Figure 7.12-7.13).
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Figure 7.8 Saturated hydrocarbon and asphaltene contents as a 
function of maturation of Uhangri Member shales.
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Figure 7 . 9  EOM versus carbonate carbon content in 
Uhangri Member shales
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Sinseongri-1 
53.35m
Figure 7.10 Distributions of n-alkanes of the saturated hydrocarbon 
fractions from Uhangri unit-A and Sinseongri-1 53.35 m.
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Figure 7.11 Distributions of n-alkanes of the saturated hydrocarbon
fractions from Sinseongri-1, 93.5 m and 98.8 m.
413
Figure 7.12 Distributions of n-alkanes of the saturated hydrocarbon 
fractions from Sinseongri-1, 155.35 m and 158.1 m.
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Figure 7.13 Distributions of n-alkanes of the saturated hydrocarbon 
fractions from Sinseongri-1, 246.55 m and 266.4 m.
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These samples show a bimodal tendency (93.5 m) , a depletion of 
light hydrocarbons (158.1 m, 246.55 m, 266.4 m) and an even 
carbon predominance (266.4 m) • These distributions suggest a 
terrestrial source and perhaps a lacustrine environment. The 
alternative is that the bimodal tendency reflects the effects of 
biodegradation, excess cracking or primary migration (Milner et 
al., 1977; Altebaumer et al., 1981).
Cluster analysis of the alkane profiles in extracts leads to 
subdivision into three groups, i.e., ozocerite-bearing shales 
from outcrop (A), ozocerite-bearing shales from relatively 
shallow depths (B), and ozocerite-free shales from relatively 
deep samples (C) (Figure 7.14). The analysis shows a low degree 
of similarity between A and B, and these groups have negative 
correlation with the ozocerite-free rocks. This indicates that 
weak similarities exist in the extractable bitumens between 
surface and deep horizons, but significant differences are 
present between alkane distribution of ozocerites and the soluble 
bitumen of the deeper shales. The difference could be caused by 
the generation history of hydrocarbons from different source 
beds, by migration differences between groups of hydrocarbon 
compounds, alteration processes in the reservoir or a combination 
of these effects.
Assessment of sterane and terpane distributions from the Haenam 
ozocerite—rich samples and other extracts provides some
416
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Figure 7.14 Dendrogram from cluster analysis based on 
n-alkane distribution of the extracts from 
shale in Haenam.
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parameters on the oil-source correlation (Figures 7.15-7.16). 
The ozocerite-rich sample from Uhangri section-B shows 
predominantly C27 and C28 steranes (peaks 1-8). The extracts 
from Sinseongri-1 core 53.35 m contains similar amounts of C27, 
C28 steranes and C29 steranes (peaks 11, 14, 17-20) (Huang and 
Meinschein, 1978; Philp and Gilbert, 1986) and C30 steranes 
(Moldowan et al., 1985). The presence of C27 steranes is taken 
to indicate marine input. The presence of C29 steranes has been 
noted in terrestrial derived oils and source rock extracts (Huang 
and Meinschein, 1978; Philp and Gilbert, 1985, 1986). These 
geochemical features suggest the Uhangri section B ozocerite has 
an alginite (type I organic matter), liptinite and 
vitrinite-inertinite (type III-IV) source. The ozocerite and 
extract both contain C24 tetracyclic terpane, hopanes and 
moretanes. These terpanes are considered to be derived from 
bacterial cell wall lipids (Ourisson et al., 1982). The presence 
of the terpenoid compounds in the Uhangri Member samples indicate 
bacterial reworking of organic matter during early diagenesis.
Philp and Gilbert (1986) reported that the demethylated hopanes 
are formed from regular hopanes after extensive biodegradation of 
the oil has occurred. Their minor presence in the Haenam 
ozocerite is illustrated by peaks 6, 8 and 10 in Figure 7.15. 
The ozocerite could have undergone only minor biodegradation 
because it contains abundant n-alkanes. Doetsch and Cook (1973) 
suggested that ozocerite was mineralized through the activity of
418
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Figure 7.15 Mass chromatograms presenting saturated terpanes and 
steranes from ozocerite of Uhangri unit-B.
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Figure 7.16 Mass chromatoarams presenting saturated terpanes and 
steranes from soluble extract of Sinseongri-1.
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micro-organisms in connection with petroleum seeps. The steranes 
and terpanes of the Haenam ozocerites have not been extensively 
affected by biodegradation and reflect the mature nature of 
organic matter.
In summary, the evidence presented above indicates that there are 
different sources for the hydrocarbons ranging from high H/C 
liptinite and low H/C vitrinite-inertinite macerals for the 
occurrence of ozocerite in the Uhangri Shale/Tuff Member. The 
ozocerite-bearing calcareous shale, deposited in a lacustrine 
environment appears to have both a humic and liptinitic organic 
matter source. It is also possible that the ozocerite migrated 
downwards from the overlying, sequence. Moderately intensive 
micro-organism activity could be involved during the early 
diagenesis and reservoired conditions.
7.1.10 Migration of Ozocerite
Traces of bitumen within quartz and calcite fractures and veins 
are interpreted as residues in the passageways of migrating 
hydrocarbons. The ozocerite appears dull to bright green—yellow 
in fluorescence-mode and it resembles and behaves like oil cuts 
and oil droplets in microscopic observation due to its solubility 
in immersion oil. The calcite structure was probably formed 
during an early diagenetic stage and bitumen could have been 
infilled or concentrated in intergranular spaces by a
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pressure-driven discrete bitumen movement. As carbonates are 
chemically more reactive than silicates (dchmidt and McDonald,
1979), they could be dissolved by acidic hydrocarbon compounds to 
increase secondary porosity. Oversized pores and corroded 
calcite grains infilled by bitumen provide good evidence for 
secondary porosity. Thermobaric fluids expelled from deeper 
horizons could have played a role in the development of secondary 
porosity and in the transportation of fluid dissolved 
hydrocarbons through the calcite veins. The veins could be 
regarded as both passages for the mobile hydrocarbons to migrate 
along and eventually become entrapped.
Stonely (1983) suggested that the fibrous calcite veins may have 
an influence on the primary migration. It has been suggested 
that calcite veins can be formed by pressure resulting from the 
force of crystallization, from hydraulic jacking (Sherman et al., 
1972), as a consequence of overpressuring during burial and 
compaction of sediments (Stonely, 1983), or by movement of 
geothermal liquids (Ellis, 1967).
Some Haenam ozocerite is present along fractures in quartz grains 
and is incorporated beneath quartz overgrowths. This indicates 
that the hydrocarbons could have migrated along with quartz in an 
aqueous solution and reprecipitated during the process of 
mesogenetic carbonate replacement of quartz (Schmidt and 
McDonald, 1979). Light molecular hydrocarbons probably continued
422
to migrate updip whereas the heavy hydrocarbons remained in the 
fractures. It is unlikely that vertical migration has been a 
significant factor because of the extremely low porosity of 
interbeds of tuffaceous sediments in the Uhangri Member. Organic 
extracts obtained from the tuffaceous rocks and n-alkanes 
distributions in the shales are no different to those in the 
interbedded tuff.
Total extractable organic matter contents from veins and 
fractures is much higher than in bitumen-free shales (Figure 
7.17). The occurrence and enrichment of liquid hydrocarbons at 
these fractures and veins suggest they have been conduits for 
migrating hydrocarbons (see Leythaeuser et al., 1981). The 
inconsistent maturation trend between the vitrinite reflectance 
profiles and some geochemical parameters could be interpreted as 
being due to migration effect because the hydrocarbons comprise a 
mixture of newly generated and migrated hydrocarbons.
There is a growing body of evidence that suggests that fluids 
expelled during tectonism play a role in hydrocarbon migration 
(Morton, 1985; Oliver, 1986). This hypothesis has considerable 
relevance to the study area due to the close relationship between 
burial and tectonic events during the Cretaceous. The migrating 
fluids generated during tectonism would have solubilized and 
transported the labile by-products of coalification from the
organic source rocks. Formation of ozocerite in Haenam area
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Figure 7.17 Extractable organic matter yield versus depth 
for Sinseongri-1.
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could be in some part related to fluids moving upwards during 
magmatic emplacement. Moon (1975) and Lee and Lee (1976) 
reported that alunite was formed by low grade hydrothermal 
reactions in a region adjacent to the study area.
7.1.11 Formation of Ozocerite
It is difficult to determine whether ozocerite is a degraded 
hydrocarbon originating from petroleum by thermal cracking, 
biodegradation, water washing and deasphalting, or is a primary 
hydrocarbon. The ozocerite of the Uhangri Member is 
distinguished by a high content of saturated, n-alkane 
hydrocarbons. A high content of n-alkanes in petroleum has been 
taken as an indication of a high level of maturity (Philippi, 
1965; Tissot et al., 1972), enrichment of alkanes during 
migration (Colombo and Sironi, 1961; Leythaeuser et al., 1981), a 
terrestrial organic source (Tissot and Welte, 1978) and/or 
unalteration condition of reservoir (Milner et al., 1977). The 
ozocerite differs only from saturated-rich oil by absence of 
light molecular weight hydrocarbons. The absence of light 
hydrocarbons in oil have been suggested as an indication of the 
escape of light molecules in the near surface (Philipp et al., 
1963), maturation process as thermal or hydrothermal cracking 
(Silverman, 1972; Rogers et al., 1974; Connan et al., 1975) and 
depletion due to migration (Leythaeuser et al., 1981). It is
suggested that the ozocerite was formed near the surface by
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evaporation of light hydrocarbons from oils. In this respect 
the ozocerite is quite different to solid reservoir bitumens 
which are considered to be products of natural cracking during 
thermal alteration of petroleum (Mclver, 1967; Rogers et al., 
1974).
The presence of heavy molecular weight alkanes in the deeper 
mature sediments (e.g., 246.3 m extract, 266.2 m extract in 
Figure 7.13) and an inconsistent CPI trend between shallow and 
deep depths suggest that the cracking mechanism for hydrocarbon 
generation could be less effective or incomplete in the Uhangri 
Member. If cracking alone occurs, material balance requires that 
the total H/C ratio or the system remain the same (Rogers et al. , 
1974) and the relative quantities of the individual n-alkanes 
change with time (Waples and Tornheim, 1978). Kim and Cook 
(1986) have demonstrated that the amount of longer n-alkanes 
(C22“C32) i-n extracts decreases with increasing rank. Waples and 
Tornheim (1978) suggested that cracking alone cannot be the 
dominant mechanism in the formation of the n-alkane distributions 
present in crude oils. Thus, high H/C ratios of the ozocerite 
cannot be derived from the low H/C ratio and heavy n-alkanes by 
the cracking process alone. High H/C organic matter could 
contribute to ozocerite to some extent.
The H/C ratio of ozocerite is the same as that of oils and 
organic matter even though the light hydrocarbons were
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inspissated near the surface. Small saturated molecules that 
were originally present or formed by disproportionation, are 
progressively lost. The process begins with loss of CH4 but 
later includes -CH3 and -CH2 groups. The Haenam ozocerite shows 
more -CH3 groups compared with aromatics, ketones and oldehydes 
in the infrared spectrum. Saturated hydrocarbons are more stable 
than unsaturated ones at high temperature. This indicates that 
the formation of ozocerite could have been influenced by high 
temperature regime conditions. Hydrous-pyrolysis studies 
indicate that hydrothermal cracking is much more effective than 
thermal cracking of higher molecular weight hydrocarbons (Powell 
et al., 1978; Horsfield and Douglas, 1980; Winters et al., 1981) 
and that C-C bond cleavage, together with the elimination of 
singly-bonded heteroatoms results from hydrous pyrolysis (Rigby 
et al., 1985). It is therefore possible that hydrothermal 
conditions, perhaps in combination with the catalytic effect of 
clays promoted the formation of ozocerite.
The geothermal fluids system might have dissolved pre-existing 
n-alkanes from the source materials and might have aided in 
breaking geopolymers into geomonomers in the subsurface. High 
geopressure regimes and previously released hydrocarbons may 
accelerate these reactions in organic source bearing sequences. 
The geothermal reaction could play a role in the simultaneous 
generation and migration of hydrocarbons. It is widely accepted 
that generation of hydrocarbons occurs concurrently with the
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migration of fluids in source rocks (Tissot and Welte, 1978; 
Hunt, 1979).
The pr/ph ratios of the ozocerite-rich shales are slightly higher 
than those of extracts from ozocerite-free rocks (Table 7.7). 
Conversely, pr/n-Ci7 and ph/n-C^g ratios are lower for the 
ozocerite-rich sediments (Figure 7.18). These phenomena are 
similar to the relationships between oils and source rocks in the 
Gippsland Basin where oils are mostly from terrestrial sources. 
Kim and Cook (1986) suggested that the Gippsland Basin oils 
represent selective migration and accumulation of different 
groups of organic compounds from source horizons. The pristane, 
phytane and wax contents ozocerite-free shales generally are high 
compared with ozocerite-rich shales (Figure 7.19). This suoports 
a selective accumulation mechanism whereby n-alkanes and light 
molecular weight hydrocarbons, rather than isoprenoid and heavier 
molecular weight hydrocarbons are preferentially generated and 
migrate. Geohydrothermal cracking, geocatalysis, hydrothermal 
dissolution and selective migration could have played a role in 
the formation of ozocerite from a younger and/or older sediment 
in Haenam area as a primary hydrocarbon.
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Table 7.7 Some geochemical parameters from n-alkane 
distributions for Uhangri Member shales
Sample Pr/Ph Pr/Ci7 Ph/C18 CPI C22“C32 (Wax, %)
Unit A-l 1.5 0.20 0.13 1.15 51.4
Unit A-2 1.5 0.17 0.11 1.13 52.2Unit A-3 1.6 0.17 0.10 1.13 47.0Unit A-4 1.9 0.13 0.07 1.18 45.2Unit A-5 1.7 0.11 0.07 1.14 47.8
Unit A-6 1.4 0.33 0.24 1.11 43.5
Unit A-7 1.6 0.16 0.10 1.28 35.2
Unit B-l 1.6 0.12 0.08 1.18 51.3
Unit B-2 1.9 0.12 0.06 1.21 47.0
Unit B-3 1.6 0.15 0.09 1.17 44.2
Unit B-4 1.5 0.15 0.10 1.13 47.3
Unit B-5 1.5 0.14 0.09 1.11 47.2
Core 33.1 m - - - 1.11 28.8
Core 42.1 m - - - 1.14 22.8
Core 53.2 m - - - 1.14 22.1
Core 60.8 m - - - 1.24 19.9
Core 67.6 m - - - 1.08 20.9
Core 83.4 m - - - 1.08 86.6
Core 86.3 m 0.5 0.22 0.54 1.29 53.8
Core 93.3 m 1 . 0 0.18 0.20 1.67 37.8
Core 98.6 m 1.6 0.10 0.07 1.18 15.0
Core 119.3 m 1.4 1.19 0.28 1.12 77.0
Core 151.4 m 0.9 0.77 0.33 1.32 60.1
Core 155.2 m 0.7 0.53 0.35 1.49 48.0
Core 157.9 m 1.6 0.83 0.24 1.67 34.9
Core 177.4 m 1 . 0 1.04 0.31 1.01 42.5
Core 246.3 m 2.0 1.62 0.38 1.09 90.5
Core 248.6 m - - - 1.09 39.6
Core 256.4 m 1 . 0 0.92 0.24 1.46 59.1
Core 259.2 m 1.4 0.92 0.25 1.47 54.4
Core 261.8 m 0.9 0.95 0.27 1.42 37.8
Core 266.2 m 0.2 0.36 0.48 1.28 62.0
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CONCLUSIONS
The following conclusions concerning the nature and occurrence of 
bitumen in the course of hydrocarbon generation and migration 
can be drawn from the example of ozocerite in Haenam:
1. In the Uhangri Shale/Tuff Member, which includes calcareous 
shales and volcanic debris, liquid hydrocarbons were 
generated during thermally active maturation stage and their 
residues have accumulated in the fractures/veins of calcite 
and quartz as a solid bitumen. It is classified as 
ozocerite due to its high H/C ratio and a dominance of 
paraffinic hydrocarbons.
2. Dispersed organic matter in the Uhangri Shales Member 
consists mostly of phytoclasts of terrestrial origin and 
minor or faunal origin. Vitrinite and inertinite are common 
macerals. in the shales. Hydrocarbon generation potential is 
rated as fair to good if terrestrial sources are regarded as 
possible sources for liquid hydrocarbons. Geochemical 
analyses indicate the ozocerite is mostly derived from 
indigenous terrigenous organic matter but minor inputs of 
bacterial and algal contribution are indicated by the 
biomarker analysis.
3. The veins/fractures of quartz and calcite are enriched in 
linear alkanes and medium-heavy molecular weight 
hydrocarbons as compared with oil. These hydrocarbons could
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have been generated after secondary porosity had formed. In 
the hydrocarbon formation processes, linear alkanes and 
lighter compounds could generate and migrate faster than 
cyclic compounds. The lighter compounds could be lost 
during the alteration process from the fractures (e.g., 
inspissation, water—washing, oxidation and biodegradation) 
after the migration process. It is possible that the 
bitumen is back migrated from a younger sequence.
4. The maturation level of organic matter in Uhangri Shale 
Member is late oil mature to overmature. Rapid rates of 
temperature increases could have occurred during deposition 
of Late Cretaceous sediments. In part, the high paleo-heat 
flow could be caused by deep crustal raetamorphism. Thermal 
cracking by itself is not considered to be sufficient to 
have generated the hydrocarbons. Multiple processes such as 
hydrothermal cracking, geocatalysis, hydrothermal dissolu­
tion and selective migration could have played a major role 
in the formation of Haenam ozocerite from mainly terrestrial 
sources.
5. Natural bitumen can be classified as a primary or a 
secondary bitumen. Primary bitumen is formed by relatively 
high temperatures over a short period, and where the only 
route of migration is along micro-scale fractures. 
Secondary bitumen is derived from alteration of crude oil. 
Ozocerite is a primary bitumen whereas asphaltite is a 
secondary bitumen.
433
6. The Upper Cretaceous Gyeongsang Supergroup of Haenam shows a 
high level of maturity and moderate source potential.
7.2 TERTIARY STRATA OF THE POHANG AREA
7.2.1 Introduction
In the present study petrological and geochemical analyses were 
carried out on core and cutting samples from eight exploration 
wells in the Pohang area. These wells are A, B, D, F, G, H, DS-3 
and DS-4. The core and cuttings consist mostly of claystone 
which is the dominant lithology in the Pohang Tertiary Basin (Han 
et al. 1986). Case histories of petrological and geochemical 
studies for this sedimentary strata are lacking. Petrographic 
and geochemical determinations were carried out for the Tertiary 
coal samples from Kyungju, Dogu, Janggi, Youngduk and Bukpyung to 
understand the lateral and vertical variation of coal type and 
coal rank and compare these with coals from the offshore basins. 
The coal deposits are developed locally in a small area and 
outcrop as a thin (<2 m) bed. All coal samples were collected 
from outcrops except the Kyungju coals which were collected from 
closed shallow underground mines. The petrological and 
geochemical features of dispersed organic matter were also
assessed for a few samples from the Cretaceous sediments of DS~4 
well. Lithological characteristics of onshore and offshore
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sediments can be expected to be similar. In the absence of 
samples from offshore regions the onshore samples provide an 
indication of the nature of potential sources, lithologies and 
maturation in offshore areas.
7.2.2 Petrological Features
Summaries on organic petrology for these samples which were 
analysed by both point count and visual estimation methods are 
listed in Table 7.8.
The Tertiary sediments in the Pohang area have been subdivided 
into the Yangbuk Group (nonmarine) and Yeonil Group 
(marine-nonmarine; Kim, 1970, 1975; Reedman and Um, 1975; Yoon, 
1975, 1984). In the well samples studied, the upper part of the 
Tertiary succession consists mainly of diatomaceous mudstone, 
thick mudstone or shale, thick mudstone with thin sandstone 
layers, and massive turbidites. The lower part comprises pebbly 
sandstones, conglomerates (DS-3, B and DS-4) and thin coal beds 
(H well). Han et al. (1986) suggest the conglomerates (100-300 m 
in BF DS—3 and DS-4) should also be included in the Yeonil Group 
as they appear to be conformably overlain by Yeonil Group 
lithologies. The maximum thickness of the Tertiary sediments in 
the area is 956 m (DS-4) and the mudstone dominated part of the 
succession thickens to the east and northeast. Thickness details 
of the main stratigraphic units from the wells are listed in
Table 7.9.
Table 7.8 Abundance and type of organic matter, rock type and vitrinite reflectance data
for Tertiary strata of Pohang area from eight boreholes
Sample No Range Volume (%) ________________________ Description___________________________ _______
Depth (m) Rvmax (%) Composition N 1. Matrix 2. Abundance and fluorescence of liptinite 3. Minerals
V-I-L (%)
Pohang-B
21216
101.65
0.8-0.5 
0.11
3.8
37-0-63
10 1. Claystone>siltstone>carbonate
2. Common sporinite. alginite (dinoflagellates/acritarchs and Tasmanitides 
type) and liptodetrinite, green to greenish yellow
3. Common vitrinite, rare inertinite. Weak clay mineral fluorescence, 
framboidal pyrite common to abundant
21217
220
0.27-0.41
0.32
5.9
15-0-85
11 1. Claystone»siltstone>carbonate
2. Common sporinite>alginite (D/A and Tasmanites)>liptodetrinite
3. Common vitrinite, rare inertinite. Weak mineral matter fluorescence 
(dull green-yellow). Pyrite common
21218
324.35
0.26-0.38
0.32
6.4
65-0-35
11 1. Claystone»siItstone>sandstone
2. Common sporinite>alginite (D/A), green to yellow
3. Common to abundant vitrinite, rare inertinite. Common pyrite. Common 
weak mineral fluorescence
21219
425.6
0.29-0.42
0.36
4.1
42-0-58
18 1. Claystone>siltstone
2. Common sporinite>alginite>liptodetrinite>foram, weak yellow to orange
3. Vitrinite common, inertinite absent, clay minerals fluorescence weak, 
pyrite common
21220
435.8
0.33-0.50
0.40
2.3
13-0-87
8 1. Siltstone>sandstone
2. Sparse sporinite and dinoflagellates/acritarchs, weak yellow to orange
3. Vitrinite sparse, inertinite absent. Sandstone grain fluorescence dull 
yellow
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Table 7.8, continued
Sample No Range Volume (%)
Depth (m) Rvmax (%) Composition N
V-I-L (%)
Description__________________________________
1. Matrix 2. Abundance and fluorescence of liptinite 3. Minerals
21221
573.1
0.37-0.57
0.43
4.6
35-0-65
10 1. Claystone>>siltstone
2. Common liptodetrinite>sporinite>alginite>foram>cutinite, weak yellow to 
dull orange . ,
3. Vitrinite common, inertinite rare. Clay minerals fluorescence weak 
orange to dull brown, rare pyrite
21222 0.37-0.52 5.6 19 1. Claystone»siltstone
646.9 0.46 43-0-57 2. .Common sporinite>lipto,detrinite>alginite, yellow to weak orange
3. Vitrinite common to abundant, inertinite absent
21223
873.5
- - Conglomerate. No D.O.M.
21224
887.2
- - - Volcanics. No D.O.M.
DS-4
21186
120
0.19-0.27
0.23
3.3
7-0-93
5 1. Claystone»siltstone>carbonate
2. Alginite (dinoflagellates/acritarchs and Tasmanites type)»- 
liptodetrinite>sporinite, bright greenish yellow fluorescence
3. Vitrinite rare, inertinite absent. Framboidal pyrite common to 
abundant. Clay mineral fluorescence weak yellow
21187
220
0.25-0.35
0.31
5.0
16-0-84
11 1. Claystone>>siltstone
2. Liptodetrinite>sporinite>alginite, green to yellow fluorescence
3. Vitrinite sparse, inertinite absent. Pyrite common to abundant. 
Forams present. Weak clay mineral fluorescence
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Table 7.8 continued
Sample No Range____ Volume (%)
Depth (m) Rvmax (%) Composition N
V-I-L (%)
________________________ Description__________________________________
1. Matrix 2. Abundance and fluorescence of liptinite 3. Minerals
21188
340
0.23-0.38
0.32
3.6
25-0-75
10 1. Claystone>>siltstone
2. Alginite (mainly dinoflagellates/acritarchs) >liptodetrinite>sporinite, 
greenish yellow to medium light yellow fluorescence
3. Vitrinite sparse, inertinite absent. Forams present. Pyrite common. 
Weak to medium bright clay mineral fluorescence
21190
520
0.35-0.55
0.42
5.5
33-0-67
10 1. Claystone»siltstone
2. Sporinite common to abundant, >liptodetrinite>alginite, weak yellow to 
medium orange
3. Vitrinite common to abundant, inertinite absent. Pyrite common. Weak to 
dull yellow fluorescing clay minerals present
21192
710
0.46-0.58
0.50
5.7
20-0-80
12 1. Claystone>>siltstone
2. Sporinite>alginite>liptodetrinite, weak yellow to orange fluorescence
3. Vitrinite common, inertinite absent. Mineral fluorescence dull yellow 
to orange
21196
1078
1.85-2.40
2.12
4.6
37-63-0
15 1. Shale>>claystone
2. No liptinite
3. Vitrinite common in small size. Inertinite common to abundant, 
semifusinite, macrinite, fusinite and inertodetrinite present. Very weak 
mineral fluorescence. Pyrite rare
21197
1092
3.15-3.80
3.57
5.1
53-47-0
20 1. Shale>siltstone
2. No liptinite fluorescence
3. Vitrinite common to abundant. Inertinite common to abundant, 
inertodetrinite>semifusinite>macrinite. Pyrite rare. Brownish mineral 
matter fluorescence rare
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Table 7.8 continued
Sample No Range Volume (%) Description
Depth (m) Ivmax (%) Composition 
V-I-L (%)
N 1. Matrix 2. Abundance and fluorescence of liptinite 3. Minerals
21202 7.1-9.8 Sparse 10 1. Shale>>siltstone
1474 8.57
(Inertinite)
I>V
i
2. No liptinite fluorescence
3. DOM barren
21204
1550
—  ' - - Red shale, DOM barren. Highly reflected inertodetrinite present but rare
Pohang-F
21238 0.10-0.20 4.0 10 1. Claystone>>siltstone
160.5 0.15 40-0-60 2. Common sporinite, alginite (dinoflagellates/acritarchs and Tasmanites) 
and liptodetrinite, greenish yellow to bright yellow
3. Vitrinite common, inertinite absent. Framboidal pyrite common. Weak 
clay mineral fluorescence
21239 0.18-0.29 3.6 8 1. Claystone»siltstone202 0.22 47-0-53 2. Common sporinite>alginite>liptodetrinite, green to brigbht yellow 
fluorescence
3. Common vitrinite, inertinite absent. Pyrite common. Clay mineral 
fluorescence dull green to weak yellow
17809 0.29-0.35 3.9 9 1. Claystone>>siltstone
315 0.32 54-0-46 2, Common alginite>sporinite>liptodetrinite, bright yellow
3. Common vitrinite in small size, rare inertinite, pyrite common, clay 
minerals weak green to yellow fluorescence
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Table 7.8 continued
Sample No Range____ Volume (%) _________________________Description__________________________ _______
Depth (m) ïïvmax (%) Composition N 1. Matrix 2. Abundance and fluorescence of liptinite 3. Minerals
V-I-L (%)
21240
331
0.27-0.36
0.32
4.6
60-0-40
10 1. Claystone>>siltstone>sandstone
2. Sporinte>liptodetrinite>alginite, bright yellow to weak orange 
fluorescence
3. Vitrinite common, inertinite absent. Weak mineral fluorescence
21241
412
0.32-0.43
0.39
5.2
36-0-64
11 1. Claystone>>siltstone
2. Common sporinite>alginite>liptodetrinite, weak yellow to orange 
fluorescence
3. Vitrinite common, inertinite absent. Forams present, pyrite common. 
Mineral matter fluorescence weak
21242
446
0.30-0.50
0.42
4.2
46-0-54
16 1. Claystone»siltstone
2. Common sporinite>alginite>liptodetrinite, weak yellow to orange
3. Vitrinite common, inertinite absent. Mineral matter fluorescence weak
21243
550.8
0.38-0.51
0.46
6.2
13-0-87
10 1. Claystone>>siltstone
2. Common to abundant dinoflagellate/acritarchs, bright yellow>sporinite>- 
liptodetrinite
3. Vitrinite sparse, inertinite absent. Forams present. Pyrite common.
Weak mineral matter fluorescence
21244
598.5
0.39-0.57
0.46
6.0
34-0-66
15 1. Claystone»siltstone
2. Common to abundant sporinite, weak yellow to bright orange. Alginite>- 
liptodetrinite, weak yellow
3. Vitrinite common to abundant, no inertinite. Weak to bright yellow clay 
mineral fluorescence
21245
664.5
- - - Tuffaceous shale. DOM absent
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Table 7.8 continued
Sample No Range Volume (%) DescriptionDepth (m) Ivmax (%) Composition 
V-I-L (%)
N 1. Matrix 2. Abundance and fluorescence of liptinite 3. Minerals
Pohang-D
21226
104.95
0.26-0.34
0.30
3.5
40-0-60
8 Claystone»siltstone>carbonate. Alginite>sporinite>liptodetrinite. Pyrite 
common
21227
227.1
0.31-0.49
0.39
4.2
20-0-80
19 Claystone»siltstone. Sporinite>alginite>liptodetrinite, yellow to 
greenish yellow. Pyrite common. Foram common
21228
329.5
0.35-0.50
0.42
5.3
62-0-38
10 Same as above. Weak yellow mineral fluorescence common
21229
412.9
0.38-0.56
0.46
3.8
40-0-60
13 Same as above
21231
605.7
- - - No organic matter (volcanic rocks)
21232
759.2
- I » V - Red shale. Highly reflected inertodetrinite present but rare
Pohang-G
21234
373.3
0.30-0.45
0.37
3.8
64-0-36
12 Claystone>>siltstone. Sporinite>alginite>liptodetrinite. Greenish yellow 
to yellow
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Table 7.8 continued
Sample No Range Volume (%) Description
Depth (m) ÏÏvmax (%) Composition 
V-I-L (%)
N 1. Matrix 2. Abundance and fluorescence of liptinite 3. Minerals
21236
424.2
0.35-0.45
0.40
4.1
38-0-62
8 Claystone>>siltstone. Sporinite>alginite>liptodetrinite. Weak yellow to 
medium orange. Mineral fluorescence common (weak yellow to weak brown)
Pohang-A
21028
105.1
0.20-0.30
0.24
3.4
33-0-67
9 Claystone»siltstone. Alginite>sporinite>liptodetrinite, bright yellow 
fluorescence. Famboidal pyrite common. Common clay fluorescence (weak 
yellow to orange)
21210
300.45
0.31-0.45
0.38
4.7
58-0-42
11 Claystone>>siltstone. Sporinite>liptodetrinite>alginite. Common clay 
fluorescence
21212
420.30
0.35-0.45
0.40
4.1
50-0-50
12 Claystone>>siltstone. Sporinite>alginite>liptodetrinite, weak yellow to 
medium orange. Vitrinite common. Inertinite absent
21214
846
- - - No organic matter, pyrite common (volcanics)
21215
965
- - - No organic matter (igneous rocks)
DS-3
21253
120
0.18-0.29
0.22
3.2
41-0-59
8 Claystone»siltstone»carbonate. Alginite>sporinite>liptodetrinite, 
greenish yellow to bright yellow. Pyrite and foram common. Common weak 
mineral fluorescence
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Table 7.8 continued
Sample No Range Volume (%) Description
Depth (m) llvmax ( % ) Composition 
V-I-L (%)
N 1. Matrix 2. Abundance and fluorescence of liptinite 3. Minerals
21254
250
0.20-0.38
0.30
5.3
26-0-74
12 Nearly same as above
21255
340
0.29-0.40
0.34
5.5
63-0-37
8 Claystone>>siltstone>sandstone. Sporinite>alginite>liptodetrinite, bright 
fluorescence. Weak mineral fluorescence common. Pyrite, forara common
21256
430
0.28-0.43
0.36
4.2
46-0-54
10 Claystone>>siltstone. Sporinite>alginite>liptodetrinite, weak yellow to 
weak orange fluorescence
21257
530
0.37-0.50
0.45
3.8
40-0-60
12 Claystone>siltstone>sandstone. Sporinite>liptodetrinite>alginite, weak 
yellow to orange fluorescence. Pyrite rare
21258
645
0.42-0.55
0.48
4.2
52-0-48
15 Claystone>siltstone>sandstone. Sporinite>alginite>liptodetrinite, weak 
yellow to weak orange. Pyrite rare. Mineral fluorescence weak brown
21260
950
- - - No organic matter (volcanics)
Pohang-H
21249
173.9
0.28-0.40
0.32
3.8
55-0-45
12 Claystone»siltstone. Alginite>sporinite>liptodetrinite, bright yellow. 
Pyrite common. Foram common. Common mineral fluorescence weak yellow
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Table 7.9 Thickness of the Cenozoic and Mesozoic sequences 
from the wells in Pohang area
Thickness (m)
A B D F G H DS-3 DS-4
Alluvium 49 45.8 10.2 79.1 50 - 19 -
Upper Section 
(Mudstone dominated)
374.5 626.1 471.1 568.4 439.4 301.6 688 818
Lower Section - 
(Conglomerate dominated)
103.1 — 286.6 - - 162 138
Cretaceous rocks 1109.5 752 1089.7 282.9 515.7 470.4 1839 1179
Total Depth 1533 1627 1571 1217 1005.1 972 2708 2135
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Organic matter of the upper section of Tertiary sediments 
comprise mainly liptinite and vitrinite. Concent of organic 
matter ranges from 3.3% to 6.2% by volume. Liptinite content 
varies between 40% and 93% of the total organic matter. 
Liptinite comprises alginite, sporinite and liptodetrinite. 
Alginite is abundant in an interval 100-250 m from the top of the 
Tertiary succession samples and is derived mostly from 
dinoflagellates/acritarchs and Tasmanites and in rare instances, 
Pediastrum. Many workers (e.g., Kim, 1965, 1970, 1979, 1984; 
Yoo, 1969; Lee, 1975, 1978, 1983; Yun, 1981; Ling and Kin, 1983; 
Choi et al., 1984) have also reported the presence of diatoms, 
silicoflagellata, ebridians, dinoflagellates, nannoplankton, 
archaeomonads, and tasmanitids. Tasmanites commonly occurs in 
the upper part of the section and shows very bright to greenish 
yellow fluorescence. Size of the Tasmanites are 5-10 times 
smaller than that of Tasmanites in Tasmania, Australia. 
Dinoflagellate/acritarchs are the most common form of alginite 
through the Tertiary sediments and their fluorescence colours 
range from bright yellow to weak orange.
Sporinite is the most common in all the samples examined and has 
bright yellow to yellowish orange fluorescence. Bong (1982) and 
Chun (1982) studied Neogene spores and pollens in the Pohang 
area. Content of sporinite in all the samples examined ranges 
from about 1% to 4% by volume. Liptodetrinite is sparse to 
common and appears as greenish yellow-weak yellow specks.
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PLATE 9
Photomicrographs of DOM and Coals of the Korean Basins
1. WU21222, Pohang-B, 646.9 m, Rvmax = 0.46%; field width = 
0.08 mm, fluorescence mode. Well-preserved sporinite 
structure (section parallel to bedding).
2. WU21227, Pohang-D, 217.1 m, Rvmax = 0.39%; field width = 
0.22 mm, fluorescence mode. Bright yellow fluorescing 
sporinite.
3. WU21216, Pohang-B, 101.65 m, Rvmax = 0.11%; field width =
0.12 mm, reflected white light. Thick-walled unicellular
alga Tasmanites with remains of internal structure.
4. As for No.3, but in fluorescence mode.
5. WU20983, Sora-1, 1890 m, Rvmax = 0.50%; field width *
0.23 mm, reflected white light. Fluorinite (rounded, 
ova3.-shape) , resinite (elongate) and vitrinite in clarite.
6. As for No.5, but in fluorescence mode. Fluorinite showing 
intense yellow fluorescence whereas resinite is brown. Oil 
cuts occurring in the fracture of vitrinite layer (centre) .
7. WU20979, Sora-1, 1220 m, Rvmax = 0.38%; field width =
0.28 mm, reflected white light. Cutinite (top left) and
vitrinite.
8. As for No.7, but in fluorescence mode. Exsudatinite 
(strong yellow fluorescence, bottom) in-filling fissures in 
vitrinite.
6
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Vitrinite content ranges from 7% to 60% of total organic matter. 
It comprises poorly preserved fragments, thin stringers, lenses 
and laminae. Vitrinites are commonly associated with framboidal 
pyrite. Higher plant-derived liptinite such as resinite, 
cutinite, suberinite, fluorinite is not commonly incorporated in 
vitrinite. .
The organic matter of the Tertiary sequence is characterized by 
absent to rare inertinite. Semifusinite is very rare and other 
inertinite is absent in the samples examined.
Foraminifers are sparse to common in .all the samples but more 
common in the mudstones of the upper part of the succession. 
Framboidal pyrite is common to abundant in the upper part of the 
succession. Clay minerals have dull yellow to weak orange-brown 
fluorescence.
Organic matter in the pebbly sandstone and conglomerate 
lithologies of the lower part of the succession is rare and 
comprises mostly inertodetrinite.
Organic matter in Cretaceous sedimentary rocks which probably 
correlate with the Yuchon Group of the Gyeongsang Supergroup 
(Son, pers. comm., 1986) are rare to sparse. Vitrinite and 
inertinite are present in equal proportions in black shales, 
whereas only inertinite, mainly inertodetrinite, is apparent in
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red shales* Liptinite is absent in both lithologies. Some 
mineral matter exhibits dull brown fluorescence.
In the small outliers of the Gyeongsang Basin, thin coal seams 
occur in the Tertiary strata such as Bukpyung Dogu, Janggi, 
Kyungju and Youngduk (Figure 7.20). Thickness of coal seams in 
the area vary from 0.1 m to 3 m (Urn et al., 1964).
Volumetric percentages of individual macerals and mineral matter 
from eleven seams are given in Table 7.10. Plots of volumetric 
percentages of maceral group on ternary diagrams are shown in 
Figure 7.21 (on a mineral matter free basis). In general, the 
Tertiary coals from the outliers of the Gyeongsang Basin exhibit 
a high proportion of the vitrinite and liptinite maceral groups 
whereas inertinite is relatively minor. The most outstanding 
feature of the Korean Tertiary coals is the rarity of inertinite.
Vitrinites are abundant to major, varying from 59% to 82%. 
In the coals from Dogu and Bukpyung detrovitrinite plus 
gelovitrinite (vitrinite B) are dominant over telovitrinite 
(vitrinite A) whereas in the coals from Janggi, Kyungju and 
Younduk, telovitrinite is dominant over detro- and 
gelovitrinite. Corpovitrinite occurs commonly in Bukpyung 
coals. Attrinite is dominant over densinite in all samples 
examined. Textinite is common in Janggi and Kyungju coals.
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ligure 7.20 Location of Tertiary coal-bearing 
strata in Korea.
Table 7.10 Volumetric percentages of macerals and mineral matter of the Korean Onshore Tertiary coals
Sample
No. Coal
Vitrinite (%) Inertinite (%) Liptinite (%) MM
(%)TV DV GV SF SC MI SP CU RE SB LD FL
17805 Janggi-A 37.7 25.7 3.2 1.3 0.3 — 2.6 2.3 1.0 3.2 2.9 0.3 19.5
21181 Janggi-B 31.5 26.0 2.5 0.3 0.3 - 4.3 7.3 1.8 3.2 2.5 - 19.7
17807 Kyungju-A 22.8 26.9 1.7 0.2 0.4 0.8 2.9 8.1 3.8 14.5 5.2 - 13.7
21180 Kyungju-B 28.5 32.5 3.4 0.1 1.5 1.5 4.5 4.0 2.5 8.0 9.0 - 4.5
21182 Bukpyung 4.7 43.1 12.5 1.4 0.7 - 1.0 21.1 3.4 3.4 0.2 3.9 4.6
21184 Youngduk 31.3 25.3 7.3 0.4 0.4 1.3 3.6 1.3 11.9 6.4 2.3 0.7 7.8
21183 Dogu-A 7.7 33.8 0.8 1.4 1.4 - 3.5 0.2 9.2 0.8 0.5 - 40.7
21185 Dogu-B 18.2 23.3 3.9 0.9 0.2 3.7 2.2 4.6 0.9 1.7 — 40.4
Notes: TV - Telovitrinite; DV - Detrovitrinite; GV - Gelovitrinite; SF - Semifusinite; SC - Sclerotinite; 
MI - Micrinite; SP - Sporinite; CU - Cutinite; RE - Resinite; SB - Suberinite;
LD — Liptodetrinite; FL — Fluorinite; MM — Mineral Matter
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Vitrinite (%)
H g u r e  7.21 Maceral comp os i t ion« (m.m.f) of coals from the 
Tertiary coal-bearing strata in Korea.
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Liptimts is tzhs next most sbundsnt maceral group in the coals 
(15%~40/o). Liptinite consists mainly of sporinite, resinite, 
suberinite, cutinite, liptodetrinite and fluorinite. Sporinite 
commonly occurs in clarite and duroclarite having yellow to 
yellow orange fluorescence in all samples examined. Resinite is 
common to abundant in Younduk and Dogu coals. Cutinite is common 
in coals from Bukpyung, Kyungju and Janggi. Suberinite is common 
in all coals examined and most abundant in Kyungju coals. 
Suberinite has weak yellow fluorescence in some coals but no 
fluorescence in Janggi coals. Fluorinite occurs commonly in 
Bukpyung coal. Fluorinite has strong green fluorescence and is 
present in minor amounts in the other coals.
Semifusinite and sclerotinite are present in minor proportions in 
all the samples examined. Fungal sclerotinite is a typical 
maceral for the Tertiary coals (Teichmuller, 1982). Micrinite is 
present but rare in Kyungju and Youngduk coal.
Mineral matter constitutes 4.5% (Kyungju coal) to 40.7% (Dogu 
coal) and consists mostly of clay mineral and quartz. Pyrite is 
rare to sparse. Clay minerals have weak yellow to dull orange 
fluorescence.
The major microlithotypes in the Korean Tertiary coals are 
vitrite, clarite and duroclarite.
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The only significant lateral variation in petrographic 
composition appears to be that of cutinite and suberinite. They 
are more abundant (26%) in the northern part of the Bukpyung 
whereas in the the southern part of the basin (Dogu) where they 
average 5%. Bukpyung coals commonly have thick cutinite. This 
change in abundance of cutinite and suberinite is probably 
associated with floral change.
7.2.3 Bulk Chemical Composition
Bulk chemical compositions of sedimentary rock extracts for 
selected core and coal samples from the five exploration wells 
and the Tertiary coal deposits are given in Tables 7.11-7.12. 
Yields of the soluble extracts vary markedly (357 ppm - 45319 
ppm) for the samples studied. Soluble bitumen is much more 
abundant in coal samples than in marine source rocks (e.g., 
claystone and shale) and sandstones.
The marine Yeonil Group samples have moderate to high amounts of 
organic carbon (1.35-2.48%) and extractable organic matter 
(1022-4660 ppm) with moderate to high bitumen ratios (75.7-221.9) 
in claystone lithologies. The organic carbon content and 
extractable organic matter in sandstone (B-661.1 m) and silty 
claystone (A~300.45 m, B—435.8 m) is much lower than that of 
claystone. At shallow depths, the soluble bitumen in the
Table 7.11 Abundance and composition of extracts
from source rocks in Pohang Tertiary strata
Depth
(m)
TOC
(%)
EOM
(ppm) SAT
EOM
AR0
(%)
POLS ASP
Bit
Ratio
HYC
Ratio
SAT/
AR0
Pohang-A
105 1.68 2638 7.7 6.5 14.6 71.4 157 22.3 1.18300.45 0.62 357 14.5 6.5 17.1 62.4 57.6 12.9 2.23
420.3 2.0 2550 11.8 12.0 24.7 51.5 127.5 30.3 0.98
Pohang-B
220 2.53 2575 8.4 5.8 16.5 69.3 101.8 14.4 1.45
435.8 0.64 938 13.6 5.5 14.5 66.4 146.6 28.0 2.47
573.1 1.73 2135 9.6 9.2 16.3 64.9 123.4 31.5 1.04
649.9 1.35 1022 12.3 14.3 18.0 55.4 75.7 20.2 0.86
661.1 0.38 306 22.7 8.8 39.7 28.8 80.5 25.4 2.58
Pohang DS-3
120 2.14 3690 5.2 5.0 18.5 71.3 172.4 17.6 1.04
250 2.13 4380 8.4 3.6 17.3 70.7 205.6 24.7 2.33
340 1.84 2571 4.7 1.9 18.0 75.4 139.7 9.2 2.47
430 1.90 2821 6.4 5.5 9.0 79.1 148.5 17.7 1.16
530 1.80 3558 7.3 5.2 15.5 72.0 197.7 24.7 1.40
645 1.67 2858 6.3 2.7 14.2 76.8 171.1 15.4 2.33
Pohang DS*-4
520 2.06 4572 13.1 5.1 13.0 68.8 221.9 40.4 2.57
710 2.06 3502 14.7 7.3 13.2 64.8 170 37.4 2.01
1078 1.55 971 20.7 5.3 7.0 67.0 62.6 16.3 3.91
1474 0.42 852 29.1 3.3 18.9 48.7 202.9 65.7 8.82
Pohang-F
160.5 2.48 4660 4.1 3.5 10.7 81.7 187.9 14.3 1.17
331 1.71 4002 4.9 5.0 11.9 78.2 234 23.2 0.98
446 1.92 2585 9.4 8.3 16.0 66.3 134.6 23.8 1.13
598.5 3.23 4637 32.8 11.2 16.8 39.2 143.6 63.1 2.93
Table 7.12 Abundance and composition of extracts
from the Korean Tertiary coals
Sample
TOC
(%)
EOM
(ppm) SAT
EOM
ARO
(%)
POLS ASP
Bit
Ratio
HYC
Ratio
SAT/
ARO
Janggi-A 41.5 33816 5.9 10.8 11.2 72.1 81.5 13.6 0.54
Janggi-B 41.1 26176 7.5 13.4 10.7 68.4 63.7 13.3 0.56
Kyungju-A 45.6 45319 7.7 3.3 7.9 81.1 99.4 10.9 2.33
Kyungju-B 43.5 44063 1.9 0.9 1.9 95.3 101.3 2.8 2.11
Dogu-A 21.0 24867 4.1 5.1 18.5 72.3 118.4 10.9 0.80
Bukpyung 45.0 23735 6.1 4.8 13.6 75.5 52.7 5.7 1.27
Ycungduk 40.3 19387 2.1 4.5 10.7 82.7 48.1 3.2 0.47
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claystone source rocks consists dominantly of asphaltenes and 
polar compounds. With increasing depth, the contents of 
saturates and aromatic hydrocarbon increase. Ratios of saturates 
to aromatics for these samples are moderate. Hydrocarbon ratios 
tend to increase progressively and reach a highest value (63.1 
mg/g of TOC) at 598.5 m of Pohang-F well (Figure 7.22).
The uppermost Gyeongsang Supergroup samples (1978 m, 1474 m of 
DS-4 well) have a low to moderate organic carbon content and 
extract yields with moderate to high bitumen ratios. The ratios 
of saturates to aromatics are relatively high. Hydrocarbon 
ratios are moderate.
Coal samples from several Tertiary coal deposits have high 
extract yields with moderate bitumen ratios. The soluble bitumen 
in the coals consists dominantly of asphaltenes and polar 
compounds. These coals, however yield moderate to high amounts 
of saturate and aromatic hydrocarbons and the yield of aromatics 
is slightly higher than the yield of saturated hydrocarbons in 
the coals of Janggi, Dogu and Youngduk area. Hydrocarbon ratios 
of the coals are generally low (3.2-13.6 mg/g TOC). Relatively 
liptinite-rich coals (Kyungju and Bukpyung) tend to have higher 
ratios of saturates to aromatics than the vitrinite-rich coals 
(Janggi, Dogu and Youngduk).
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iigure 7.22 Extraction yields of organic matter and
hydrocarbons versus depth for boreholes of 
i’ohang area.
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7.2.4 Distribution of Normal alkanes
Chromatograms of total alkane fractions from the selected samples 
in the five wells and coal deposits are shown in Figures 7.23 to 
7.33. The quantitative distributions of n—alkanes are given in 
Table 7.13. Some geochemical parameters are presented in Table 
7.14.
The n-alkane distributions of samples from the relatively deep 
horizons in Pohang area (1078 m, 1474 m of DS-4 well) show high 
contents of medium molecular weight compounds (Cl3“Cig). Whereas 
heavy molecular weight n—alkanes and isoprenoid compounds are 
low.
Soluble bitumen compounds from samples of the Yeonil Group have 
similar n-alkane profiles to those from the marine sequences of 
the Yoenam facies and the Lakes Entrance Formation facies. The 
n-alkane profiles of the Yeonil Group samples are characterised 
by abundant short chain hydrocarbons with a strong even carbon 
predominance. The peak mode lies between n-C]^ and n-Ci8* The 
contents of pristane and phytane are relatively high and pr/ph 
ratios are generally less than 1. The occurrence of light-medium 
range n-alkanes may bear an imprint of early biochemical 
synthesis by pelagic algae (Blumer et al.t 1971) and pelagic 
plankton (Giger and Schaffner, 1977). Petrological examination 
indicates the samples have a high proportion of alginite (e.g.,
458
1
Si
Figure 7.23 Distributions of n—alkanes of the saturated hydrocarbon
fractions from Pohang-A, 105 m and 300.4 m.
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Figure 7.24 Distributions of n-alkanes of the saturated hydrocarbon
fractions from Pohang-A, 420.3 m and 646.9 m.
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Figure 7.25 Distributions of n—alkanes of the saturated hydrocarbon
fractions from Pohang-F, 446 m and 598.5 m. •
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Figure 7.26 Distributions of n-alkanes of the saturated hydrocarbon
fractions from Pohang-F, 160.5 m and 331 m.
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Figure 7.27 Distributions of n—alkanes of the saturated hydrocarbon
fractions from Pohang-B, 435.8 m and 573.1 m.
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Figure 7.28 Distributions of n-alkanes of the saturated hydrocarbon
fractions from Pohang-DS3, 120 m and 440 m.
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Figure 7.29 Distributions of n-alkanes of the saturated hydrocarbon
fractions from Pohang-DS4, 520 m and 710 m.
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Figure 7.30 Distributions of n-alkanes of the saturated hydrocarbon
fractions from Pohang-DS4, 1078 m and 1474 m.
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Figure 7.31 Distributions of n-alkanes of the saturated hydrocarbon
fractions from Dogu-A, coal and Kyungju-B, coal.
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Figure 7.32 Distributions of n-alkanes of the saturated hydrocarbon
fractions from Youngdulc, coal and Bukpyung, coal.
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Figure 7.33 Distributions of n—alkanes of the saturated hydrocarbon
fractions from Janggi-Af. coal and Janggi-B , coal.
Table 7.13 A quantitative distribution of n-alkanes for the Tertiary strata of Pohang area and Tertiary coals
Location
(m)
C1 2 C1 3 C1 4 C1 5 C16 C1 7 PR . C1 8 PH C19 c20 C21 c22 c23 c24 c25 c26 C27 c28 c29 c30 C31 C32 c33
Pohang-A
105 1.7 14.7 5.4 4.7 9.5 4.3 12.0 25.0 16.9 3.5 2.8 3.8 1.7 1.7 1.6 1.6 1.3 2.7 2.1 6.2 2.7 2.4 0.8
300.4 0.7 5.6 4.6 5.8 12.6 4.6 2.4 38.4 3.7 5.4 3.2 2.2 1 .7 1.5 1.9 2.2 2.4 2.8 0.7 1.3 0.4 0.7 1.3
420.3 11.4 22.4 4.5 3.2 6.4 3.7 13.8 15.5 9.0 3.4 3.0 3.0 2.4 2.4 2.2 2.4 2.1 3.5 0.6 3.4 1.0 1.6 1.1
646.9 11.0 16.8 3.6 2.6 4.8 2.2 3.2 13.4 1 .4 4.0 4.3 4.6 3.2 3.9 3.1 4.3 3.1 5.0 2.3 1.9 0.5 1.3 1.5
Pohang-B
435.8 1.8 19.1 7.0 5.5 10.6 4.4 4.0 27.8 5.0 4.9 3.5 2.6 1.6 1.8 1.5 1.6 1.6 2.8 0.4 0.4 0.4 0.4 0.4
573.1 5.0 12.3 3.5 3.4 6.9 3.4 14.2 16.6 8.0 3.4 2.8 3.2 2.8 2.8 2.8 3.0 2.0 4.8 1.7 10.6 2.2 4.3 2.0
Pohang DS-3
120 7.5 17.6 5.8 4.9 9.7 2.3 0.6 23.5 2.6 1.7 1.4 1.7 2.3 3.2 4.0 3.6 2.6 2.3 1.2 1.4 0.6 1.7 0.2
440 0.7 2.4 3.3 5.2 1 2.9 2.7 0.7 35.9 3.5 2.7 2.1 2.8 2.8 4.1 4.5 4.3 3.2 3.2 1.5 3.7 0.7 0.7 0.7
Pohang DS-4
520 1.8 14.9 5.7 4.8 9.6 4.4 4.8 25.1 8.5 3.2 2.1 2.1 1.6 2.1 2.8 3.2 2.3 5.0 0.9 2.7 0.9 3.0 1.6
710 2.1 20.5 7.4 6.3 11.7 3.8 5.4 28.4 6.9 2.0 1.6 1.4 1.0 1 .0 0.8 1.5 1.1 2.4 2.1 3.1 0.6 0.6 0.6
1078 0.7 1 1 .0 6.7 7.2 14.3 3.3 0.7 37.2 1.3 3.3 2.3 1.3 1.5 1.3 1.3 1.9 0.6 1.6 0.5 1.6 0.5 0.8 ' 1.1
1474 0.8 10.1 6.8 8.8 13.9 3.7 0.4 31.7 0.9 5.6 3.2 1.9 1.5 1.2 0.9 1.3 1.9 2.5 0.7 0.4 1.7 0.7 2.1 0.8
Table 7.13 continued
Location
(m)
C1 2 C1 3 C1'4 C1 5 C16 C1 7 PR C18 PH C1 9 c20 C21 c22 C23 C24 °25 C26 c27 °28 c29 c30 C31 C32 c33
Pohang-F
160.5 11.9 22.9 4.9 3.4 6.9 5.1 6.3 20.2 24.6 5.6 2.8 3.1 0.7 0.9 1.0 0.7 0.8 2.2 1.8 2.8 0.3 0.7
331 - 0.6 1.0 2.5 8.6 8.4 14.9 29.9 30.8 7.1 4.4 4.8 1.9 2.7 2.1 2.3 1 .7 3.8 0.6 4.8 4.6 5.6 2.5
446 7.9 12.8 3.0 2.6 5.8 4.3 10.4 16.4 13.8 4.7 3.6 3.8 2.6 3.2 2.6 2.8 2.1 3.6 1.9 4.2 2.3 4.9 2.3
598.5 2.9 4.0 0.8 1.0 1.9 2.9 4.6 4.4 18.5 2.7 4.0 3.1 3.3 4.6 4.0 5.5 3.8 6.1 3.8 11.7 16.8 6.1 3.1 2.5
Coals
Dogu-A 5.9 14.4 2.6 1.9 1.7 0.8 0.6 1.2 0.3 0.4 0.4 0.4 0.5 2.2 2.8 5.2 1.4 6.7 2.3 23.8 3.2 14.2 1.9 7.5
Bukpyung 0.3 0.6 0.2 0.3 0.2 0.5 0.2 1.1 0.8 1.9 1.9 5.9 6.2 12.6 2.2 17.9 3.3 21.5 3.1 12.2 3.1 4.5
JanggI-A 5.8 9.4 2.0 1.5 2.6 1.2 12.2 6.2 1.7 3.0 3.2 6.2 4.3 6.7 4.7 7.9 5.1 9.9 4.8 10.4 2.6 1.5 0.4
JanggI-B 2.8 5.8 1.3 1.5 1.6 1.9 18.0 3.3 2.4 3.6 5.1 7.1 4.8 7.2 4.7 8.0 5.1 10.0 5.5 11.1 2.3 2.6 0.9 1.7
Kyungj u-A 2.5 3.0 2.1 7.7 12.4 12.4 5.3 10.1 3.7 5.2 1.8 0.9 0.7 11.4 1.8 5.5 1.3 9.8 1.5 6.7 0.7 2.5
Kyungju-B 10.2 14.6 2.9 1.9 3.3 2.0 0.8 7.5 0.3 1.2 0.6 0.8 1.5 19.7 2.6 6.4 1.7 9.3 1.5 5.9 0.6 2.5 0.3
Youngduk 3.5 12.4 4.6 4.6 8.7 1.8 0.6 20.7 0.4 1.6 0.9 0.6 0.6 1.5 2.6 2.3 1.2 5.6 1.7 17.5 2.1 5.2 0.4
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Table 7.14 Some geochemical parameters from n-alkane 
distributions for source rocks and coals
Sample Pr/Ph Pr/Ci7 Ph/Cl8 CPI n-alkanes 
(%)
Source rock 
A-105
for Pohang 
0.71
area (m) 
2.81 0.68 1.63 63.3A-300.45 0.65 0.52 0.10 1.37 53.9A-420.3 1.50 3.74 0.58 1.92 62.5A-646.9 2.28 1.45 0.10 1.53 70.0
B-220 0.70 1.84 1.10 2.50 58.5
B-435.8 0.80 0.91 0.18 1.56 79.6
B-573.1 1.77 4.22 0.48 2.52 53.7
B-649.9 2.27 1.47 0.11 1.31 77.5
B-661.1 1.00 0.07 0.01 1.48 87.2
DS-3-120 0.23 0.26 0.11 1.13 83.1
DS-3-250 0.57 0.40 0.06 1.11 72.4
DS-3-340 0.26 1.00 0.37 1.18 63.9
DS-3-430 0.19 0.25 0.10 1.37 75.0
DS-3-530 0.22 0.61 0.24 1.36 76.5
DS-3-645 0.21 0.23 0.09 1.24 79.9
DS-4-520 0.56 1.08 0.34 1.95 56.2
DS-4-710 0.80 1.43 0.24 1.69 79.7
DS-4-1078 0.50 0.22 0.04 2.12 82.5
DS-4-1474 0.43 0.11 0.03 1.07 75.1
F-160.5 0.26 1.22 1.22 1.66 68.0
F-331 0.48 1.78 1.03 1.67 47.8
F-446 0.75 2.39 0.84 1.64 53.0
F-598.5 0.25 1.60 4.22 1.05 52.3
Coals
Janggi-A 7.43 4.30 0.73 1.87 55.7
Janggi-B 7.07 9.90 0.28 1.93 81.0
Kyungju-A 1.44 0.43 0.37 5.46 67.5
Kyungju-B 2.30 0.39 0.04 5.10 88.0
Dogu 1.67 0.71 0.29 4.52 54.6
Bukpyung 1.00 0.50 0.33 4.12 64.2
Youngduk 1.67 0.33 0.02 3.78 82.3
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tasmanitids, dinoflagellates/acritarchs), liptodetrinite and 
sporinite. Kvenvolden (1967) reported that predominance of even 
numbered n—alkanes indicates direct reduction of fatty acids in 
an anoxic and hypersaline environment. Predominance of phytane 
at shallow depths implies a reducing environment as phytane is a 
reductive product of phytol residues derived from chlorophyll 
(Brooks et al., 1969; Albaiges and Torradas, 1977) and/or 
bacterial cell walls (Eglinton and Murphy, 1969; Chappe et al. ,
1980). However, the predominance of pristane in samples from 
greater depths (Pohang-A, 420.3 m, 646.9 m) indicates less 
reducing environments or more input of terrestrial organic 
matter. Odd carbon numbered n-alkanes of high molecular weight 
range, occur in all extracts from this section (CPI 1.4-2.5). 
This is interpreted to indicate derivation from non-marine source 
(Albrecht and Ourisson, 1971; Cooper and Bray, 1963) or 
immaturity of source matter (Evans and Bray, 1961; Tissot and 
Welte, 1978). Thus, the evidence from n—alkane profiles and 
petrological determinations indicates that the soluble extracts 
of the Yeonil Group are derived from both marine and non—marine 
organic matter, deposited in relatively anoxic environments, and 
have low maturity.
The n—alkane distributions of the Tertiary coals are dominated by
long chain hydrocarbons with a high odd carbon predominance in 
the high molecular weight ranges (CPI = 1.9-5.5). The peak mode
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lies between n-C£3 and n-C29* The content of n-Ci2 t0 n“C20 and 
pristane-phytane are very low in the lower rank coal extracts 
(Bukpyung and Dogu coals) as compared with those of higher rank 
Janggi and Youngduk coal. It is worthy of note that the coals 
from the Janggi and Kyungsu area have a proportion of medium 
range hydrocarbons. Similar features were observed in the 
extracts of Loy-Yang coals of Gippsland Onshore Basin.
7.2.5 Distribution of Triterpanes and Steranes
Distribution of hopane-type triterpanes and steranes from 
selective source rock extracts of DS-4, F well and Dogu coal 
deposits are illustrated in Figures 7.34 to 7.39. One of the 
outstanding features of the biomarker distribution in the 
Tertiary strata of Pohang is the relatively high concentration of 
steranes relative to the triterpanes in the shallow source beds 
(e.g., DS-4, 520 m, 710 m and F - 598.5 m) . Relative 
concentrations are based on the ion intensities for triterpanes 
and steranes. These claystone extracts tend to have relatively 
high contents of C27 and C28 steranes. For Dogu coal the 
triterpanes are present in approximately 10-15 times the 
concentration of the steranes. The predominant sterane in the 
coal extract is C29. Therefore it can be said with some 
certainty that the claystone extracts are derived from 
significant proportions of marine source matter. However, the
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Figure 7.34 Mass chromatograms presenting saturated terpanes and
- steranes from soluble extract DS-4, 520 m.
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Figure 7.35 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract DS-4, 710 m.
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Figure 7.36 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract DS-4, 1078 m.
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Figure 7.37 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract DS-4, 1474 m.
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Figure 7.38 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract Pohang-F, 598.5 m.
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Figure 7.39 Mass chromatograms presenting saturated terpanes and
steranes from soluble extract DOGU, coal.
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presence of C29 steranes in the marine source rock also indicates 
the incorporation of continental organic matter in marine 
sediments. The extracts of claystones and coals show a low level 
of maturity. They also show a high proportion of the C31 
homohopane (22R) relative to the C31 homohopane (22S). Quirke et 
al. (1984), in a study of Scottish peat environments, reported 
that the C31 homohopane (22R) is probably associated with 
bacterial decay of plant matter and formed at the very earliest 
stages of diagenesis. Contents of C27 trisnorhopane and C29 
norhopane are dominant in the coal extracts, but in claystones 
from lower parts of the succession are less abundant and C30 
hopanes are common. It appears that the extracts of claystones 
are more mature than the extracts of Dogu coal.
The extracts of black shales from 1078 m and 1474 m of DS-4 well 
show a low sterane/hopane ratio but have a high C27 and C28 
steranes• These extracts appear to be derived from both marine 
and non-marine organic matter? The distribution of hopanes 
indicates a high level of maturity.
7.2.6 Level of Maturation
Distributions and plots of vitrinite reflectance as a function of 
depth for each borehole studied are given in Table 7.8 and 
Figures 7.40-7.42. Vitrinite reflectances of the Tertiary coals 
are listed in Table 7.15. Despite the short intervals available *
* Some cyanobacteria and algae produce C2g sterols (Philp, 1985) and therefore the 
interpretations above may need to be modified.
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Table 7.15 Vitrinite reflectance 
of Korean Onshore Tertiary coals
Coal Sample No Rvraax (%) Range (%) Number
Dogu-A 17804 0.33 0.27-0.42 40
Dogu-B 21183 0.37 0.30-0.47 30
Dogu-C (shaly)21185 0.37 0.31-0.47 30
Janggi-A 17805 0.46 0.41-0.50 40
Janggi-B 17808 0.48 0.39-0.56 40
Janggi-C 21181 0.45 0.40-0.54 30
Kyungiu-A 17806 0.30 0.25-0.40 30
Kyungju-B 17807 0.30 0.26-0.38 40
Kyungju-C 21180 0.36 0.30-0.46 30
Bukpyung 21182 0.30 0.25-0.34 30
Youngduk 21184 0.37 0.30-0.45 30
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in most boreholes (maximum depth of 956 m) and rare to sparse 
vitrinite contents in claystone, the samples examined provide 
good control of variation in vitrinite reflectance with depth. 
The vitrinite reflectance increases with depth from 0.15% to 0.5% 
in the Tertiary strata. Profiles of vitrinite reflectance versus 
burial depth for each borehole are linear. The overall level of 
maturation of Pohang Tertiary strata is low which would imply 
that the sediments have not been subjected to deep burial. 
Vitrinite reflectance of 11 coals from the Tertiary outcrops 
range from 0.30% (Kyungju coals) to 0.48% (Janggi coals). These 
coals range in rank from lignite to sub-bituminous.
Schematic cross-sections (NE-SW and NW-SE) shows isoreflectance 
trends in the Pohang Tertiary strata (Figures 7.43-7.44). The 
isoreflectance contours show an overall increase with depth of 
burial. Reflectance varies from slightly less than 0.2 per cent 
at about 100 m depth to 0.5 per cent at the deepest depth of the 
Tertiary sediments. The isoreflectance contours dip into areas 
of greater sediment thickness. The low surface reflectance 
indicates that post-sedimentation uplift is minimal. The 
Tertiary sediments in the Pohang area range from immature to 
marginally mature. Samples from the boreholes furthest inland 
(e.g., D, G, H wells) tend to have slightly higher vitrinite 
reflectance values than samples from similar depths from 
boreholes near the coast (DS-3, DS-4, F wells). This means that 
for a given depth the Tertiary source rocks are little more
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Figure 7.43 Cross-sections through the Tertiary strata of
the Pohang area showing isoreflectance contours. 
NE-SW line in Figure 4.11.
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Figure 7.44 Cross-sections through the Tertiary strata of
the Pohang area showing isoreflectance contours. 
NW-SE line figure 4.11.
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mature inland than near shore. The immature to marginally mature 
nature of organic material is compatible with the semimature 
stage of turbidite sandstone diagenesis in the A well described 
by Han et al. (1976).
The reflectance gradients of the Tertiary sediments are moderate 
to high (0.5%-0.6%/km) in the boreholes examined. Present 
temperatures of the boreholes are also moderate to high (100°C in 
1150 m at A well, 53°C in 560 m at D well). The results from 
isothermal and gradthermal estimates of paleotemperatures for 
these wells, indicate that the burial history of the Tertiary 
sediments approaches an isothermal model. The present geothermal 
gradients for these wells are high (70°—80°C/km). These high 
present geothermal gradient values are close to those of the 
Gippsland onshore (e.g., Lake Wellington Depression, 80°C/km). 
These data suggest that relatively moderate-high temperatures 
were present during burial of the Tertiary sequence in the Pohang 
area. The high heat flow may have been due to the proximity of 
igneous basement.
7.2.7 Hydrocarbon Generation Potential
The type and abundance of both marine and non-marine dispersed 
organic matter and the presence of coal suggest the Tertiary 
strata of the Pohang area have good source potential. 
Shallow—deep marine sediments contain appreciable amounts of
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terrestrial organic matter. Liptinite, derived from both algae 
and higher plants, is the dominant organic matter type. The 
Tertiary coals have a high proportion of liptinite that comprises 
mainly cutinite, suberinite, and resinite. The vitrinite 
reflectances and hydrocarbon ratios indicate that the sediments 
range from immature to marginally mature. The n-alkane 
distribution of extract hydrocarbons do not show a close 
resemblance to the typical alKane distribution of most crude oils 
and the sequence is immature. Biomarkers also indicate the 
sequence is immature.
Although these characteristics indicate that in general the 
hydrocarbon generation potential is low, the distribution of 
light alkanes in the deepest onshore sections suggest that some 
hydrocarbon generation has occurred. In the offshore area the 
Tertiary sequence may be thicker than the onshore areas. 
Therefore the thickest parts of the offshore area can be expected 
to approach maturity and are prospective for liquid hydrocarbons.
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CHAPTER EIGHT
COMPARISON OF THE HYDROCARBON POTENTIAL OF CRETACEOUS AND 
TERTIARY SEQUENCES FROM THE GIPPSLAND BASIN AND KOREAN BASINS
8.1 INTRODUCTION
The prime purpose of the present study is to develop an 
understanding of the hydrocarbon generation history of the 
Tertiary successions in the southern and southeastern Korean 
Continental Shelf. This has been accomplished by assessing the 
nature and maturity of organic matter in the sedimentary 
sequences, and by interpreting depositional environments and 
burial and thermal histories. Of particular interest is to find 
the reason for the scarcity of hydrocarbon occurrences of 
commercial size in the Korean basins even though geological 
conditions are favourable for generation. One approach to this 
problem is to compare the Korean basins with a basin having a 
broadly similar geological setting and having hydrocarbon 
occurrences of commercial size. The Gippsland Basin was chosen 
for this comparative study because, like the Korean Continental 
Shelf, it has thick non-marine sequences overlain by marine rocks 
and suffered deep Tertiary burial. Hydrocarbons of the Gippsland 
Basin appear to have been generated from coals and coal-related 
dispersed organic matter. Part of the Cretaceous Gyeongsang
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Basin which contains occurrences of the hydrocarbon residue 
ozocerite has also been included in the study. Its early burial 
and thermal history is significantly different to that of the 
Korean Continental Shelf and therefore it provides additional 
understanding by way of contrast. Tertiary coals and marine 
successions of the Gyeongsang Basin were selected for study, to 
permit comparisons with the organic matter types of the Korean 
Continental Shelf.
8.2 COMPARISONS OF GENERAL GEOLOGY
The overall tectonic and depositional settings of the Gippsland 
Basin and the Korean basins are broadly similar. Although the 
sequences were deposited in continental settings of differing 
aerial extent, each basin is characterized by a fluviatile 
succession overlain by marine deposits; a significant part of the 
Gyeongsang succession, however, comprises lacustrine units. 
Generalized tectonic, stratigraphic and depositional features are 
summarized in Table 8.1 and Figure 8.1.
Two main phases of burial metamorphism occurred in the Gippsland 
Basin. The first related to the opening of the Tasman Sea along 
the east coast of Australia during the Late Cretaceous-Early 
Tertiary and the second related to the opening of the Southern 
Ocean between Australia and Antartica during the mid-Cretaceous The
Table 8.1 Comparison of general geology of sedimentary sequences in the Gippsland Basin 
and Korean onshore and offshore basins (After Smith and Cook, 1984; KIER, 1982;
Chang, 1976; Han e t a l ., 1986)
Gippsland Basin Korean Continental Shelf
Basin setting Continental margin Epicontinental rift-depression
Area 50,000 km2 350,000 km2
Depositional
environment
Marine (Late Tertiary) 
Fluviatile to deltaic 
(Mid-Tertiary-Early Cretaceous)
Marine (Late Tertiary) 
Fluviatile to deltaic 
(Mid-Tertiary)
Sedimentation
rate
Rapid (Cretaceous 
Moderate (Tertiary)
Moderate-rapid
Paleoclimate Sub-tropical (Late Cretaceous 
to Early Tertiary) 
Warm-cool-wet (Tertiary)
Temperate-cool
Dominant Flora Sub-tropical rainforest 
(Late Cretaceous to Early 
Tertiary)
Sclerophyll forest (Tertiary)
Sclerophyll forest
Gyeongsang Basin
Continental Trough 
20,000 km2
Marine (Late Tertiary) 
Alluvial to lacustrine 
(Cretaceous)
Rapid-moderate (Cretaceous) 
Moderate (Tertiary)
Warm-temperate (Cretaceous)
Temperate-cool (Tertiary)
Grass-lands (Cretaceous) 
Mixed forests (Tertiary)
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Figure 8.1 Stratigraphic correlations of sedimentary sequences in the Gippsland Basin 
and Korean onshore and offshore basins (Compiled from James and Evans, 1971; 
Reedman and Urn, 1975; Chang, 1975; KIER, 1982).
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offshore parts of the Gippsland Basin underwent rapid and deep 
burial metamorphism after the Oligocene. Significant burial of 
the coal measures occurred in the offshore part during the Late 
Cretaceous and Middle Tertiary. The paleoclimate was wet and 
warm (sub-tropical) during the Late Cretaceous-Early Tertiary. A 
moderately thin (less than 10 m) coal-bearing sequence, but was 
deposited in mainly fluvial to deltaic plains in rapidly 
subsiding areas at rates in excess of 150 m/MY (Smith and Cook,
1984). During the Middle Eocene to Late Miocene the climate was 
cool temperate and the coal measures sequences were deposited in 
fluvial to deltaic plains in slowly subsiding areas at rates of 
much less than 100 m/MY (Smith, 1981). The coal seams comprise 
thick (up to 150 m in onshore, 30 m in offshore) , laterally 
extensive units. Rejuvenated subsidence and sedimentation was 
accompanied by a marine transgression in the Oligocene and a 
thick fine-grained marine shelf sequence was deposited offshore. 
During the Eocene to Oligocene a compressional regime accompanied 
by wrenching, block-faulting and tilting gave rise to major 
anticlinal structures having good closure.
The southern and southeastern parts of the Korean Continental 
Shelf underwent rapid subsidence (more than 200 m/MY) in the 
Middle Tertiary. This subsidence was associated with an early 
phase of burial metamorphism. Sedimentation occurred mainly in 
alluvial to fluvial plains and thin coal—bearing sequences were 
deposited in wet and cool-temperate conditions. In the parts of
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ths shelf edge where depositional slopes were low, deltaic plains 
and shallow marine environments were formed. Widespread marine 
transgression occurred after the Late Miocene; subsidence and 
sedimentation rates of the Continental Shelf were moderate to 
rapid, and a thick fine-grained marine shelf sequence developed. 
The lower part of the marine sequence comprised marginal marine 
mudstones; the thickness increases with the transition to a 
deeper open marine facies in the southeastern continental shelf 
areas (including the Pohang area).
The areas of most significant hydrocarbon potential in the Korean 
basins correspond to those where coal measures sequences formed 
in the fluvial to deltaic conditions in the Middle Tertiary and 
where thick non-marine sequences were covered by marine 
sediments. In the Gippsland Basin, thick coal measures are of 
Upper Cretaceous to Palaeocene age. In the Korean Continental 
Shelf basins and in the Gippsland Basin rapid and significant 
burial of coal-related sediments occurred during the 
mid-Tertiary. This recent active phase of burial metamorphism is 
related to the generation of oil in the offshore Gippsland 
Basin. The most important difference between the thick 
non-marine sediments of the Australian and Korean basins is that 
the Gippsland Basin has thicker coal measures, with a high 
content of organic matter, in close proximity to sandstone 
reservoirs. Another difference is that the Korean basins were 
more active tectonically and had correspondingly higher rates of 
sediment accumulation than the Gippsland Basin.
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8.3 COMPARISON OF ABUNDANCE AND TYPE OF ORGANIC MATTER
A summary of maceral composition of dispersed organic matter and 
coals from all the basins studied are shown in Tables 8.2-8.3, 
and Figures 8.2-8.3. Comparisons of organic matter in Australian 
and Korean basins indicate that some overall differences exist. 
The silty calcareous claystones, marls and mudstones which 
dominate the Upper Tertiary marine sequences of the Gippsland and 
Korean Basins all contain sparse organic matter. The organic 
matter of both marine sequences is characterized by high 
liptinite content (40-52%) and some is of algal origin. The 
Mid-Tertiary marine strata of the Pohang Basin contain common 
alginite.
Organic matter of fine-grained lithologies in mid—Tertiary 
fluvio-deltaic sequences, from both the Gippsland Basin and 
Korean basins, is relatively abundant and is dominated by 
vitrinite. Shales contain 0.5—4.0 per cent organic matter, coal- 
related shales contain 5-22 per cent and coals contain 70-98 per 
cent organic matter. Vitrinite is commonly associated with 
higher plant liptinite. Coal seams are much thicker, and 
dispersed organic matter is more abundant, in the Gippsland Basin 
than in the Tertiary Korean basins. The lower parts of the 
Gippsland Basin (Cretaceous/Tertiary) and Korean basins (Lower 
Neogene), and the upper parts are characterized by alluvial- 
deltaic sequences, but. the lower parts contain less dispersed
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Table 8.2 Summary of maceral composition and vltrlnlte 
reflectance data for dispersed organic matter In sedimentary 
sequence of Australia and Korea
GIppsland 1Basin Korean Basin
Cretaceous
to
Early Middle Late *Late Middle Late
Tertiary Tertiary Tertiary Cretaceous Tertiary Tertiary
A B
Organic Abundance
Matter Mean ( % ) 5 6 1 5 3
Abundance Range ( % ) 0.5-14 2-18 0.5-2 0.5-22 2-4
Content Low-Mod Mod Mod Mod Mod Mod
Mean 38 51 45 56 56 60
Vltrlnlte Range 
Rvmax ( . % )
19-64 19-90 33-50 46-70 20-90 43-69
range 0.5-1.2 0.3-0.5 0.2-0.3
r-'­.T. 0.4-2.2 0.2-0.3
Content High High High Low-Mod High High
Mean 31 37 52 11 28 40
Llptlnlte Range 6-55 8-78 38-67 7-18 1-72 31-52
Common Spo. Cut. Cut. Res. Alg. LIpt.LIpt. Spo. Cut. Al g. Spo.
macerals Sub. LIpt..Sub. Spo. Res. Su b. LIpt.
Flu.
Content Mod Low Low Mod Mod Low
Mean 31 12 3 32 23 1
InertinIte Range 9-52 0-17 0-14 15-40 1-80 0.2
Common 1 ndt. Sf. Indt. Sf. Indt. Indt. Sf. Sf, Indt.Fus.
macerals Fus. Mac. Fus.
Abbreviations: Cut - Cutlnlte Spo - SporJnlte Res - Reslnlte
Sub - SuberJnJte LIpt - LIptodetrlnlte Flu - Fluor In Ite
Alg - Alglnlte Sf - Semlfuslnlte Fus - FusJnJte
Indt - InertodetrInlte Mac - Macrlnlte
Table 8.3 Summary of macérai composition and vitrinite reflectance data 
for coals of the Gippsland Basin and Korean Tertiary strata
Gippsland Basin Korean Tertiary Coals
Lower Eastern View
Upper
Eastern Latrobe Onshore Offshore
A B View Valley
Content High Low-Mod High High Mod-High High
Mean 87 61 86 87 70 81
Vitrinite Range 80-92 30-85 60-95 77-95 59-76 50-95
TV/DV 0.5-1.5 
ëtvmax range
0.5-2.0 0.5-1.0 0.5 0.5-1.0 0.5-1.5 -
(%) 0.5-1.2 0.4-0.6 0.3-0.6 0.2-0.4 0.2-0.4 0.4-0.8
Content Low-Mod Low-Mod Low-Mod High High Mod-High
Mean 6 5 8 11 27 17
Liptinite Range 1-15 2-15 2-25 4-21 15-39 1-50
Common
Macérais
Cut. Spo. Cut. Sub. 
Spo.
Spo. Res. Spo.
Res..
Sub.Res. Spo. 
Res. Spo.
Spo, Re.s. 
Sub. Cut.
Content Mid Mod-High Low Low Low Low
Mean 2.5 32 2 2 3 3
Inertinite Range 1-5 5-60 0-5 1-5 1-5 1-6
Common
Macérais
Fus. Sf. 
Indt.
Fus. Sf. 
Indt. Scl
Scl. Sf. 
.Fus.
Scl.
Sf.
Fus.Sf. Scl. Sf. Scl. 
Mic.
Note: Gippsland data with the exception of Latrove Valley Coals, are modified from 
Smith and Cook (1984)
Abbreviations: Cut - Cutinite Spo - Sporinite Res - Resinite
Sub - Suberinite Lipt - Liptodetrinite Flu - Fluorinite
Alg - Alginite Sf - Semifusinite Fus - Fusinite
Indt - Inertodetrinite Scl — Sclerotinite Mic - Micrinite 
Mac - Macrinite
V i t n n i t e  ( % )
Liptinite (%)
50
100
Inertinite (%)
Figure 8.2 Compaisons of macefal compositions between dispersed organic matter 
from Gippsland and Korean sedimentary sequences.
i
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Figure 8.3 Comparisons of macérai compositions between coals from Gippsland 
and Korean sedimentary sequences.
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organic matter and coal. Organic matter in coals of the Latrobe 
Valley (onshore Gippsland Basin) is more similar to coals in 
Korean onshore and offshore Tertiary basins than organic matter 
in the other Gippsland Basin coals is (e.g., Lower Eastern View A 
and B coals). The Tertiary coals with the exception of the Lower 
Eastern View facies are characterized by rare inertinite. In 
both the Korean and Gippsland Basins the Tertiary sequences 
contain perhydrous vitrinite whereas the Cretaceous-Early 
Tertiary sequences are dominated by orthohydrous vitrinite. The 
sequences in both basins contain moderate amounts of liptinite.
The abundance and characteristics of organic matter are mainly 
related to depositional environments, paleoclimates and floral 
assemblages. The occurrence of thick coal seams and abundant 
dispersed organic matter in the Gippsland Basin is caused by the 
warm temperate to near tropical conditions that promoted growth 
of luxuriant rain forests in the early mid-Tertiary (Kemp, 1978; 
Smith and Cook, 1984). These conditions in combination with 
variable water table levels promoted wet oxidation and the 
formation of inertinite-rich banded coal seams (Smith, 1981). 
These coals commonly contain organic matter derived from 
Angiosperms and Gymnosperms (Blackburn, 1980; Verheyen et al., 
1982). Shanmugam (1985) suggested that coniferous vegetation 
provided large quantities of cutinite and resinite. However,
resinite and cutinite are not commonly the dominant liptinite 
macerals. In contrast, during the deposition of strata in the
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Korean basins, cool temperate conditions prevailed in the 
Neogene. This may have caused the comparatively low abundance of 
organic matter and resulted in thin rather than thick coal seams.
In all samples studied, total organic carbon (TOC) and 
extractable organic matter (EOM) contents are directly related to 
the proportion of organic matter (Table 8.4). For both the 
Australian and Korean basins the carbonaceous mudstones and coals 
from the alluvial-fluvial deltaic parts of the sequences have 
higher TOC and EOM contents than the Upper Tertiary marine 
sequences.
The Neogene marine lithologies, except for those in the Pohang 
area, have low TOC and EOM contents. The Tertiary coals have 
moderately high TOC contents (45%-65%) and extremely high EOM 
contents (46,000-175,000 ppm). In general the high EOM contents 
are related to large amounts of organic matter. Studies on 
extracts from rocks in the Gippsland Basin and Korean basin 
indicate that in most cases the extracts of marine and non-marine 
source rocks have similar chemical compositions (Figures 
8.4—8.5). Most extracts of the source rocks studied contain from 
73/£ to 88% asphaltene and polar compounds. In the deeper strata 
a moderate positive correlation occurs between amounts of 
vitrinite and liptinite dominated organic matter and contents of 
saturated hydrocarbons.
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Table 8.4 TOC and EOM data for strata 
of the GLppsland Basin and Korean basins
Gippsland Basin____________ Korean Basins
Cretaceous to Mid- Late M^Tertiary Late
Early Tertiary Tertiary Tertiary Cretaceous A B Tertiary
Mean 3.9 2.0 0.35 1.0
Range 1.4-6.8 0.3-4.6 0.3-0.4 0.5-1.9
Extractable Organic letter (ppm)
îfean 2636 3050 320 102
Range 890-4400 400-7430 300-350 50-130
Proportion of hydrocarbon (Saturates + Aromatics, %)
Mean 21 27 20 17
Range 14-36 15-35 16-23 10-36
Hetero Compounds (Asphaltenes* Polars, %)
>fean 79 73 80 83
Range 64-86 65-85 77-84 64-90
2.1 1.8 1.1
0.4-6.5 0.4-3.2 1-1.2
2190 2800 855
210-6420 30CH4660 850-860
23 18 12
13-34 6-43 10-14
77 82 88
66-87 57-94 86-90
Notes: (1) Mid-Tertiary A - Korean Continental Shelf 
(2) Mid-Thrtiary B - Pohang area
C R E T A C E O U S /
V i t r i n i t e  (A ro )  
100%
L ip t in i t e  (Sat) I n e r t in i t e  (Polar)
Figure 8.4 Comparisons of relationship between macérai compositions and soluble
extract composition of dispersed organic matter from Cretaceous/Early
Tertiary sequence of Gippsland and Korean basins.
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Figure 8.5 Comparisons of relationship between macérai compositions and soluble 
extract composition of dispersed organic matter from Mid-Tertiary 
sequence of Gippsland and Korean basins.
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8.4 COMPARISONS OF MATURITY AND THERMAL HISTORY
The maturation histories of the Gippsland Basin and Korean basins 
are summarized in Table 8.5. The maturation history of the Early 
Cretaceous to Early Tertiary Gippsland and Cretaceous Gyeongsang 
Basins are different. The Gyeongsang Basin contains a thick 
succession with maximum vitrinite reflectance values in the range
1.6-3.0% whereas the Gippsland Basin contains a sequence more 
than 6 km thick and the maximum reflectance is about 1.2%. 
Isothermal models characterize parts of both basins. The early 
metamorphism was probably associated with a rapid and deep burial 
history in both basins, but the Gyeongsang Basin had more active 
tectonism and more marked early metamorphism. The mid-Tertiary 
to Pliocene strata of the Gippsland Basin and the Pohang Basin 
strata have similar maximum reflectances (0.3%-0.7%). Maturation 
of the relatively thin Pohang sequence has been affected by an 
isothermal paleotemperature history and a high geothermal 
gradient (a gradthermal history appears to hold for this part of 
the Gippsland Basin sequence).
The Korean Continental Shelf area has geothermal gradients and 
present temperatures similar to those of the Gippsland Basin but 
comparatively deep burial in combination with an isothermal 
history has contributed to high maximum reflectance values 
(2.0—2.2%) and overmaturity in deep parts of the sequence. These 
rank anomalies are probably related to localized thermal events
Table 8.5 Summary of maturation histories 
of some sedimentarty sequences of Australia and Korea
Period Basin
Epoch
Gippsland Continental GyeongsangParameters (Offshore) Shelf Basin
Burial depth 5-7 km n.a. 4—6 km (deeper part) 
<0.5 km (Haenam)Geothermal
gradient 35°C/km n.a. n.a.
Present >150°C
temperature (at 3 km) n.a. n.a.Early
Cretaceous Vitrinite
to reflectance 0.4-0.7%/km n.a. 1-1.2%/km
Early gradient
Tertiary
Paleotherraal
model isothermal n.a. isothermal
Maximum
maturity
(Rvmax)
1.2% n.a. 1.6-3.0%
Burial depth >2 km 3-5 km <1 km
Geothermal
gradient 30° C-40° C 35° C-45° C 50° C-60° C
Present 70°C-100°C 80°C-100°C 90° C-1000 C
temperature (at 2 km) (at 2 km) (at 1.1 km)
Mid-Tertiary Vitrinite
to reflectance 0.2-0.4%/km 0.30-0.50%/km 0.4-0.5%/km
Pleistocene gradient
Paleotemperature
model gradthermal isothermal isothermal
Maximum
maturity
(Rvmax)
0.5-0.7% 2.0-2.2% 0.5%
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which influenced the initiation and continuation of rifting in 
the Tertiary. According to Lee et al. (1980) the Okinawa Trough 
is proximal to the southern Korean Continental Shelf, and the 
shelf region continues to experience extensional processes 
associated with high heat flows.
Comparisons of vitrinite reflectance profiles and depth of burial 
for strata of the Gippsland and Korean basins can be made from 
Figure 8.6. Vitrinite reflectance profiles for these basins are 
similar even though their ages are different. The strata of the 
Korean continental shelf (intersected by JDZ-VII-1 and 
Dolgorae-A) have high vitrinite reflectances and high reflectance 
gradients, indicating that the sediments have experienced high 
temperature histories as compared with the Gippsland Basin. The 
reflectance profile of Cretaceous sequences of the Haenam area 
has high curvature and reflectance gradients are high. Vitrinite 
reflectance data from the post-Cretaceous sections of the Haenam 
area are not available. The high curvature of the reflectance 
profile at the present surface, however, indicates a loss of 
cover due to uplift and erosion of the sediments (about 
2.0-2.5 km cover loss). The high curvature also suggests an 
Upper Cretaceous thermal event in the Gyeongsang Basin.
The profiles of soluble extract yield with depth for the 
Gippsland Basin and Korean Continental Shelf indicate that the 
peak yields from humic matter-dominated, terrestrial lithologies
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Figure 8.6 Comparisons of average vitrinite reflectance profiles
for Gippsland and Korean basins.
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occur at lower maturities than for the liptinite dominated, 
marine sediments (Figure 8.7). The peak of hydrocarbon extract 
yields for samples from the Gippsland and Korean Continental 
Shelf basins (except Dolgorae-A) occurs in the range of vitrinite 
reflectance from 0.5% to 0.7%.
8.5 COMPARISONS OF HYDROCARBON GENERATION POTENTIALS AND 
OCCURRENCES
In the present study, petrographic as well as geochemical 
characteristics of organic matter in the successions from the 
Gippsland Basin and the Korean basins are used to indicate source 
potential (Table 8.6 and Figures 8.8-8.9). On the basis of 
organic matter content, source potential is poor to good in the 
Upper to mid-Tertiary marine sequences but on the basis of their 
low to marginal maturity the hydrocarbon generation potential is 
poor to fair. TOC and hydrocarbon extract data indicate good to 
very good source potential for these rocks but low ClJ1" 
hydrocarbon ratios (less than 30 mg/g TOC) indicates a marginal 
maturation level or a gas-prone character. The mid-Tertiary 
non—marine sequences have good source potential and good to very 
good hydrocarbon generation potential. The TOC and hydrocarbon 
extract data of these sequences indicate good to very good source 
potential. The mid—Tertiary sequence, in the Gippsland Basin, 
has generated and expelled oil at a marginal level of maturity.
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Figure 8.7 Comparisons of soluble extract yield profiles
for Gippsland and Korean basins.
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Table 8.6 Summary of hydrocarbon generation potential 
in some sedimentary sequences of Australia and Korea
Basins Parameters
Age
Source
potential
Level of 
maturation
Hydrocarbon
generation
potential
Gippsland Basin 
1 Cretaceous- good-very
E. Tertiary good mature good
2 Mid-Tertiary poor to very 
good
immature to
marginally
mature
poor-good
Korean basins
1 Upper Cretaceous 
(Haenam Strata)
fair mature to 
overmature
fair-good
2 Mid-Tertiary
(Continental Shelf)
good marginally 
mature to 
overmature
fair-very
good
3 Mid-Tertiary 
(Pohang area)
good immature to poor-fair
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Figure 8.8 Comparisons of source rock potential for Cretaceous/
Early Tertiary sequence of Gippsland and Korean basins.
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Figure 8.9 Comparisons of source rock potential for Mid-Tertiary 
sequences of Gippsland and Korean basins.
515
These non-marine source rocks have hydrocarbon extracts in the
range of 25—60 mg/g TOC. Oil cuts, oil stains and oil droplets
commonly occur in samples from this sequence. On the basis of
TOC and EOM content the Tertiary coals also have good to very
good source potential for oil generation (Figure 8.10). The
organic matter in these lithologies comprises predominantly
vitrinite, with lesser amounts of liptinite and inertinite oil 
stains are not present.
Because of the abundance and types of organic matter in the 
Cretaceous/Early Tertiary non-marine sequences of the Gippsland 
and Haenam Basins they have fair to good source potential. The 
Gippsland Basin sequences are mature and therefore have good to 
very good hydrocarbon generation potential, but the Haenam strata 
have only fair to good potential because of their overmaturity. 
TOC and hydrocarbon extract data show poor to fair source 
potential for the Haenam strata and good to very good source 
potential for the Gippsland Basin strata. Natural bitumen and 
crude oils occur in these sequences. The Uhangri Shale/Tuff 
Member gives an oily odour from freshly broken outcrop samples.
Some geochemical data for source beds in the Korean basins
exhibit similar trends to those of the source beds of the
Gippsland Basin. The n-alkane composition of source rocks is 
susceptible to change through maturation but at any given level 
of maturation there are similarities in n-alkane profiles between
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Figure 8.10 Comparison of source rock potential for Tertiary
coals of Gippsland and Korean basins.
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samples from Gippsland Basin and Korean Continental Shelf 
(Figures 8.1i—8.13). Low rank coals are much richer in the 
heavier hydrocarbons and have a higher odd carbon predominance 
while relatively high rank samples contain larger amounts of 
lighter hydrocarbons. Extracts from samples from both Gippsland 
and* Korean Continental Shelf basins have a relatively high 
pristane content. The n—alkane composition of the Gippsland oil 
and Haenam bitumen show a similar pattern in general except a 
pristane content (Figure 8.14). These observations indicate that 
organic matter from similar sources and depositional environments 
have similar hydrocarbon extract compositions at a similar level 
of maturation in Gippsland and Korean Continental Shelf 
sedimentary sequences. The chemical composition of oils from two 
Gippsland Basin oil fields show some similarities to that of 
extracts from source rocks in the Latrobe coal measures, but 
biomarker studies indicate that the source rocks from a wide 
range of maturity levels have contributed to the reservoirs. 
Thus the n-alkane and cyclic content of the hydrocarbons from the 
Korean Continental Shelf strongly suggest that some hydrocarbon 
generation has occurred and good hydrocarbon generation potential 
exists in some of the non-marine sequences in Southern Korean 
Continental Shelf. The petrological and geochemical 
characteristics of the Pohang Marine strata suggest that liquid 
hydrocarbons may well occur at Southeastern Korean Continental 
Shelf where deltaic to continental shelf sequences are present. 
Timing of maturity is a prime factor for the occurrence of 
hydrocarbons in these sequences.
NUMBER OF CARBON ATOMS
Figure 8.11 Comparisons of alkane distributions between shaly coals from
■ Gippsland Basin and Korean Continental Shelf.
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Figure 8.12 Comparisons of alka,ne distributions between dispersed organic
matter from Gippsland Basin and Korean Continental Shelf.
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Figure 8.13 Comparisons of alkane distributions between shaly coal and
source rock from Gippsland Basin and Korean Continental Shelf.
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Figure 8.14 Comparisons of n-alkane distributions between crude oils and
ozocerite from Gippsland Basin and Haenam strata.
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Comparisons of the hydrocarbon generation potential of rocks in 
the Gippsland Basin and in the Korean Continental Shelf indicate 
that some differences exist (Table 8.7), The basins have similar 
settings, depositional environments and burial thicknesses. The 
major source sequences consist of thick, non-marine coal 
measures. This study and many other studies (e.g., Brooks and 
Smith, 1969; Shibaoka et al., 1978; Philp and Gilbert, 1982; 
Burns et al., 1984; Smith and Cook, 1984; Stainforth, 1984; 
Shanmugam, 1985; Kim and Cook, 1986) have shown that more than 
three billion barrels of recoverable reserves were probably 
sourced from the Latrobe Group sediments. Organic matter in the 
Latrobe Group mainly occurs in coals and shaly coals. Coals and 
higher plant debris are also the dominant form of organic matter 
in the terrestrial sequences of the Southern Korean Continental 
Shelf. Organic matter in the coals and dispersed organic matter 
in the rocks of both basins is similar (i.e. vitrinite 
dominated). The most important differences between the source 
potential of the Gippsland Basin and that of the Korean 
Continental Shelf basins is that the Gippsland Basin contains 
thicker coal measures and greater volumes of source rocks. These 
differences are probably caused by different paleoclimates and 
tectonic settings. The source beds of the Korean Continental
Shelf were deposited in a cool temperate climate in an active 
tectonic zone.
The history of burial metamorphism in the Korean Continental 
Shelf area is dissimilar to that of the Central Deep of the
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Table 8.7 Hydrocarbon generation histories of source beds of 
Gippsland Basin, Korean Continental Shelf and Pohang strata
Gippsland
Basin
Korean 
Continental 
Shelf basins
Pohang
Strata
Basin setting Continental
margin
Epicontinental
margin
Graben
Source beds Latrobe Group 
(Late
Cretaceous/
Tertiary)
Neogene Group 
(Neogene)
Yeonil Group 
(Neogene)
Depositional Alluvial- 
fluvio-deltaic
Alluvial-fluvio- 
deltaic
- Marine
Burial >2 km >3 km <1 km
Geothermal
gradients
Moderate Moderate-High High
Paleoclimate
temperate
Sub-tropical, Cool temperate Cool temperate
Dominant Flora Gymnosperm, 
Angiosperm
Gymnosperm,
Angiosperm
Organic matter 
type
Vit>>Lipt>Int Vit>>Lipt>Int Lipt>Vit
Source potential Good-very good Good Good
Maximum maturity Marginally 
mature to 
mature
Marginally 
mature to 
overmature
Immature to
marginally
mature
Hydrocarbon
generation
potential Good Good locally Fair
Temperature in 
oil reservoirs 65-115°C <130°C N.A.
Oil Reserves 3.7 billion bbls None None
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Gippsland Basin. A significant feature of the Gippsland Basin is 
that burial was rapid after the post-Oligocene thereby causing 
the full thickness of the Latrobe Group to be within the main 
phase of oil generation. The low to moderate geothermal 
gradients in the Central Deep indicate that in the post-Oligocene 
heat flow was low. After deposition of the Latrobe Group, oil 
generation and primary migration were intense and structural 
traps developed at the top of the Latrobe Group. The history of 
burial metamorphism in the Korean Continental Shelf was, in 
places, similar to that of the Gippsland Central Deep but it was 
interrupted by structural development, uplift and erosion during 
the Late Miocene. After the Late Miocene the Korean Continental 
Shelf experienced rapid burial and apparently increasing 
formation temperatures. Source-rock maturation in the Korean 
Continental Shelf is therefore strongly influenced by the early 
period of burial metamorphism in the Oligocene to Early Miocene.
The gross reservoir characteristics of the Korean Continental 
Shelf are similar to those of the offshore Gippsland Basin (Table 
8.8). Both sedimentary sequences contain fine-grained marine 
shales and carbonates which provide an effective seal to the 
reservoir system. The arenites within the Korean Continental 
Shelf show moderate to good porosity, permeability and sorting, 
but permeability is not as high as in the Gippsland reservoirs. 
Good potential traps are common in the Gippsland Basin. These 
commonly consist of anticlinal domes associated with lateral
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Table 8.8 Characteristics of hydrocarbon reservoirs 
and traps in the Gippsland Basin and Korean Continental Shelf
Basin
Parameters Gippsland Basin Korean Continental Shelf
Reservoirs Fluvio -deltaic Alluvial-sandstone
Sorting Good Moderate
Porosity Very good 
(15-30%)
Good
(10-25%)
Permeability Very good Good
Diagenesis Semi-mature Semi-mature
Aquifer Systems Extensive Not known
Main trap mechanisms Structural and 
stratigraphic
Structural and some 
stratigraphic
Closure Good Validity of some of the 
"traps" tested appears
to be doubtful
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shear faults but closure is enhanced in some major fields by the 
existence of channels cut into the top of the Latrobe Group. The 
anticlines developed during Eocene and continued to develop 
through the Miocene. Accumulation of oil occurred over a wide 
time range in the Gippsland Basin. The oil accumulations are 
mostly found in traps where early Oligocene sealing has been 
developed (Brown, 1977) whereas the structural traps might have 
developed during Miocene to Pliocene with significant 
rejuvenation of structural trends. Therefore timing of the 
non-marine sequence commencing to act as a seal might play a 
critical role in the accumulation of oils as well as timing of 
development of traps in the Southern Korean Continental Shelf.
8.6 INFLUENCE OF COALS ON HYDROCARBON POTENTIAL
It has been the conventional view that coal can generate only 
methane as a migratable phase and then only when subjected to 
deep burial and elevated temperatures. It is the contention of 
this study that the role of coal in the generation of oil 
deserves further consideration (see also Cook, 1982b; 
Vandenbroucke et al., 1983; Durand and Paratte, 1983; Smith and 
Cook, 1984; Kim and Cook, 1986). Geological, petrological and 
geochemical observations pertinent to this contention are 
outlined below.
Over three billion barrels of recoverable oil have been described
527
in the Gippsland Basin. Humic organic matter occurring in thick 
coal-bearing fluvio-deltaic sequences comprises by far the 
greatest proportion of the organic matter in the Gippsland Basin, 
is often mature and on this basis alone, must be considered as at 
worst a likely contributor to the oil. Marine organic matter 
overlying the coal measures, by comparison, is volumetrically 
insignificant and largely immature. The Gippsland oils are 
waxy. The close association of waxy oils and coal is also 
present in the Officina area of Venezuela, the Midland Coal 
Fields in England and the Pennsylvanian Coal Measures in the 
United States (Banks, 1959; Hedberg, 1968).
Terrestrial disseminated organic matter (Type III Kerogen) has 
been recognized as an effective source for gas, condensate and 
light oil (Tissot and Welte, 1978; Snowdon and Powell, 1982). 
Given the general geochemical and maceral similarities of coal 
and terrestrial dispersed organic matter (Cook and Struckmeyer, 
1986), it would be reasonable to expect coal to be an equally 
effective source. There are some systematic differences between 
the petrographic composition of coal and that of terrestrial 
dispersed organic matter (Smyth, 1985). While they result in 
small quantitative changes in specific yield, they are not 
associated with a major qualitative difference in the potential 
yield of hydrocarbons (Cook and Struckmeyer, 1986).
Coal consists of a complex mixture of organic matter with a high 
carbon content (Figure 8.15). The hydrocarbon extract yield
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ratios of coal are low to moderate expressed as mg of extract/gm 
TOC but the lack of high specific yield can be more than 
compensated for by the volume of organic matter in coal seams so 
that total hydrocarbon yields are high. For example the 
hydrocarbon extract yield of coals from the Gippsland and Korean 
Basins is low (20—30 mg/g TOC, Figure 8.16; see also Durand et 
•» 1980} Radke et al., 1980; Boudon, 1984) but the total 
hydrocarbon extract yield of the coals is 10-20 times higher than 
that of Pohang marine source rocks on a unit weight of rock 
basis.
Some of the organic matter in coal is more perhydrous as compared 
with the average for organic matter in associated dispersed 
organic matter. The coals in the Cretaceous/Tertiary coal 
measure sequences studied commonly comprise thin layers of 
telovitrinite and detrovitrinite, containing significant amounts 
of hydrogen-rich resinite, fluorinite, cutinite, suberinite and 
liptodetrinite (Plates B-l and B-2). In particular, in the 
Tertiary coals in the Gippsland and Korean basins, vitrinite is 
commonly associated with suberinite (Plates B-3 and B-4). 
Suberinite is present in suberinized cell walls, particularly the 
cork tissue or bark (periderm). Suberinite has a. h^h hydrogen
content (ICCP, 1975). In general, Tertiary coals contain higher 
amounts of vitrinite and liptinite as compared with those of the 
Cretaceous, Triassic, Permian and Carboniferous coals (Figure 
8.17). This may be one of the reasons why several major oil 
provinces are associated with the Tertiary coal measures.
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Figure 8.16 Relationship of hydrocarbon extract yield from Tertiary coals and
marine source rocks.
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Figure 8.17 Comparisons of macérai compositions of coals from Carboniferous, 
Permian, Triassic, Cretaceous and Tertiary of several countries.
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PLATE B-l
WU21182, Bukpyung Coal, Rvmax = 0.30%; field width = 0.28 mm, 
reflected white light. Liptinite-rich clarite from a Korean 
Tertiary coal; Cutinite (black ornamented, top), suberinite (dark 
grey thin layers, centre), fluorinite (light, oval-shape) with 
vitrinite groundmass.
PLATE B-2
WU20977, Sora-1, 920 m, Rvmax = 0.38%; field width = 0.28 mm, 
reflected white light. Vitrinite-dominant clarite from a Korean 
Tertiary coal; gelified Corpovitrinite (light grey, rounded and 
oval-shape, top), band of telovitrinite (below centre) with 
inclusions of suberinite (dark grey, thin layers), micrinite 
(white, granular masses) and resinite (dark, centre).
B-1
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Oil cuts from polished coal blocks subjected to ultra-violet 
radiation provide direct evidence of the capacity of coal to 
generate oil (e.g., green to yellowish green fluorescing 
substances emanating from vitrinite fractures, intercellular 
spaces and contacts of vitrinite with detrital matrix (Plates P2 
numbers 3, 4, 7, 8). Secondary fluorescence in vitrinite is due 
to the presence of fluorescing compounds, generated during coal- 
ification (Teichmuller and Durand, 1983). The compounds causing 
the fluorescence are aromatic oligomers, polar compounds, some 
aliphatics and collectively comprise a mobile phase trapped 
within the micro-molecular coal structure (Lin et al., 1985). In 
the present study, oil cuts were noted over the vitrinite 
reflectance range 0.45-0.85%. Oil cuts were also observed from 
some suberinite in the Gippsland offshore coals.
Many of the geochemical characters of source rocks (e.g., 
hydrogen extract yields, Figure 8.18; normal alkane abundance, 
Figure 8.19; presence of cyclic and branched alkanes, Figure 
8.20) are also present in coals.
It is conventional wisdom that significant oil generation does 
not begin until about Rvmax 0.6%. However, it is likely that the 
onset of early oil generation is more significant than is 
currently recognized. The basis of this contention is that the 
contents of pristane and phytane increase rapidly over the 
vitrinite reflectance range 0.30-0.35 per cent (Figure 8.21). At 
lower rank they are only present in low concentration or absent.
5 3 4
PLATE B-3
WU21053, Domi-1, 1380 m, Rvmax = 0.37%; field width = 0.28 mm, 
reflected white light. Suberinite-rich coal, cork tissue 
comprising suberinite and corpovitrinite, sclerotinite (high 
reflectance, top), resinite (dark, rounded).
PLATE B-4
WU17084, Dogu coal, Rvmax = 0.33%; field width ** 0.22 mm, 
reflected white light. Gelified detrovitrinite groundmass with 
suberinite and corpovitrinite (centre), and minor sclerotinite 
(fungal body, below centre).
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Figure 8.18 Relationship of hydrocarbon extract yield ratios 
between Tertiary coals and marine source rocks 
(Pohang area).
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N-alkane abundance, %
Figure 8.19 Comparisons of n-alkane abundance between crude 
oils, bitumen, source rocks and coals from 
Gippsland and Korean basins.
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Figure 8.20 Relationship of isoprenoids/n-alkane ratios between 
crude oils, bitumen, source rocks and coals from 
Gippsland and Korean basins.
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Figure 8.21 Generation of isoprenoids as function of maturation 
for Tertiary coals from Gippsland and Korean basins.
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The increase in pristane and phytane coincides with the 
occurrence of dull brown vitrinite fluorescence in low rank coals 
(0•30-0.40 Rvmax).
Some authors (Durand and Paratte, 1983; Cook and Struckmeyer, 
1986; Chapter Six) consider that coal is characterized by 
efficient expulsion of early generated hydrocarbons.
A Model for Hydrocarbon Generation from Coal
The previous discussion indicates that coal may be just as 
important in oil generation as dispersed organic matter. To 
evaluate this possibility in the Gippsland and Korean Basins it 
is also necessary to consider both reaction kinetics and the 
generative capacity of component macerals at different ranks.
In laboratory conditions the reaction rates of hydrocarbon 
generation are dependent on temperature and the products are 
gaseous. Under geological conditions with relatively low 
temperatures but long heating time, hydrocarbon generation is 
essentially a two stage process:
Organic matter oil + CO2 + H2O + residue 
Organic matter and oil •* hydrocarbon gases + H2O + residue
The gas is commonly formed directly from the organic matter and
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to some extent from oil. At high rank, the rate of conversion of 
oil to gas is faster than the rate of formation of oil •
Inertinite macerals are most sensitive to the effects of 
increasing temperatures during the early stages of burial 
metamorphism (Smith and Cook, 1980), but their potential for oil 
generation is low. Inertinite may have more significant 
generation potential than conventionally recognized (Mitchell et 
al., 1977; Smyth, 1983).
Vitrinite macerals are also sensitive to increasing maturation. 
Vitrinite-rich coals can yield significant amounts of n-alkanes 
over the vitrinite reflectance 0.3-0.4 per cent and marked 
n-alkane generation occurs over the range 0.4-0.8 per cent of
vitrinite reflectance (Rigby et__al., 1985). Presence of
vitrinite fluorescence at 0.3% to 0.4% of reflectance and oil 
cuts over the reflectance range of 0.45% to 0.85% support the 
concept of early hydrocarbon generation for vitrinite. Vitrinite 
forms a high proportion of long chain n-alkanes (Evans et al.. 
1984; Rigby et al., 1985) as compared with liptinite (Kim and 
Cook, 1986). Extracts from liptinite-rich coals are dominated by 
branched and cyclic alkanes and Rigby et al. (1985) demonstrated 
that hydrogenation products of liptinite are similarly rich in 
branched and cyclic compounds.
Taylor (1966) suggested that any oil generation potential 
possessed by vitrinite originates from submicroscopic bacterial 
matter. Bacterial processes are indicated by the presence in
terrestrial derived oils of considerable concentrations of iso-, 
anteiso- and alkylcyclohexy1-alkanes derived from bacterial 
precursors (Powell, 1984). These chemical groups form less than 
20 per cent in the Gippsland oils. It is unlikely that 
submicroscopic liptinite is a major source of oil. Vitrinite is 
a heterogeneous organic phase in which are incorporated lipids, 
fatty acids, proteins and carbohydrates (Benson, 1960).
Many liptinitic macerals, in particular alginite (Type I kerogen) 
do not begin to generate significant amounts of liquid 
hydrocarbons until vitrinite reflectance levels of 0.7 per cent 
(Powell, 1985). However some resinite, and most fluorinite and 
suberinite lose their fluorescence intensity at about 0.4-0.6 per 
cent of vitrinite reflectance. Sporinite and cutinite keep their 
fluorescence and identity normally until reflectance levels of
1.2 per cent. Pollen and spores are abundant in paraffinic and 
naphthenic hydrocarbons (Guennel, 1981), while cuticles mostly 
comprise long chain n-alkanes in the C22-C36 range (Hedberg, 
1968). Resin from the Yallourn coal mine produced 99.7% hetero 
compounds, and naphthenes and aromatics are more abundant than 
n-alkanes. However, Powell and Snowdon (1983) demonstrated that 
terrestrial organic matter enriched in plant resins can be a 
source for naphthenic oils at low levels (<0.55%) of vitrinite 
reflectance. Resinite comprises not more than 5% in coals 
studied. The chemistry of the maceral suberinite is not well 
documented. Suberinite comprises more than 15% of some Tertiary
coals.
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These factors have been combined with the models of Tissot and 
Pelet (1971) and Kontorovich (1984) to form a composite model 
which is illustrated in Figure 8,22. The hydrocarbon generation 
capacity of vitrinite is about ten times lower than that of 
^he intensity of oil and gas generation is computed 
as the volume of the macerals weighted for their specific oil or
gas generation capacity with a further factor to allow for 
thermal cracking of oil to gas.
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Figure 8.22 Proposed hydrocarbon generation model for the common 
organic matter from coals.
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CHAPTER NINE
SUMMARY AND CONCLUSIONS
INTRODUCTION
The major objectives of the present study as described in Chapter 
One are to assess the hydrocarbon generation histories of the 
Korean Cenozoic-Mesozoic basins and to determine how these 
histories have been affected by geological processes. 
Near-universal agreement exists on the importance of organic 
matter type and maturation on hydrocarbon generation. 
Petrological and geochemical studies on source rock intervals 
from several stratigraphic levels in each of the basins allow 
insight into the nature and maturity of the organic matter. From 
this data, interpretation of depositional environments and burial 
and thermal histories can also be made. The Gippsland Basin is 
appropriate for comparative purposes because, similar to the 
Korean Continental Shelf, it has thick, coaly, non—marine 
sequences overlain by marine rocks. The Gippsland Basin is one 
of the most important basins in Australia because of its large 
hydrocarbon reserves and brown coal deposits. By comparing the 
Korean basins with the Gippsland Basin an explanation can be 
sought for the lack of known hydrocarbon occurrences of 
commercial size in the Tertiary Korean basins. As well as
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samples from the Korean Continental Shelf, samples from part of 
the Cretaceous Gyeongsang Basin and samples of Tertiary coals and 
marine source rocks from near Pohang were also studied.
General Geology
The Gippsland Basin (Tertiary-Cretaceous) and Korean Continental 
Shelf (Tertiary) have broadly similar tectonic and depositional 
settings. Although the sequences were developed in continental 
margin settings of differing areal extents, each basin is 
characterized by a fluviatile succession overlain by marine 
deposits. The Late Cretaceous succession in the Haenam area 
differs from the Gippsland and other Korean Tertiary successions 
in that it consists of lacustrine sediments, most of which were 
derived from a volcanic source. In comparison with the Korean 
basins, the Gippsland Basin has thicker, better quality coals and 
large coal-rich sequences occurring in close proximity to good- 
quality reservoirs. The thick fluvio-deltaic sequences of the 
Gippsland Basin were deposited during the Late Cretaceous/Early 
Tertiary in a rapidly subsiding marginal basin with a sub­
tropical climate. This study has shown that the Korean 
Continental Shelf sediments were deposited in a more tectonically 
active area along a rifted continental margin where burial 
metamorphism was more rapid than the Gippsland Basin. During the 
development of the Korean Continental Shelf a major tensional 
regime prevailed in the southern part of the Continental Shelf.
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This regime allowed deposition of a thick sedimentary sequence, 
extensive subsidence and an early thermal event to occur during 
the Tertiary.
Early tensional stresses were replaced in the Eocene (Gippsland) 
and the Miocene (Korean Continental Shelf) by major phases of 
compression. This tectonic movement caused the formation of good 
structural traps with closure in the Central Deep of the 
Gippsland Basin and in the southern part of the Korean 
Continental Shelf.
Organic matter type and abundance
Determination of organic matter types using optical methods 
provides information on depositional environments and the nature 
of the organic matter• Comparisons of organic petrological 
characteristics of the source rocks and coals from the Gippsland 
Basin with those from the Korean basins show an overall 
similarity thereby confirming similar depositional environments. 
The rare organic matter occurring in the Late Tertiary marine 
sequences of all the basins studied is largely derived from 
algae. The fluvio-deltaic sequences of the basins however 
contain abundant dispersed organic matter and numerous coal 
seams. This organic matter is mostly derived from land plants 
and is dominantly humic in nature. The Korean Tertiary coals 
closely resemble coals from Latrobe Valley and offshore Gippsland 
Basin. Both suites of coal are dominated by organic matter
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derived from angiosperms and gymnosperms. The thin coal-bearing 
sequences of the Korean basins were deposited in wet, 
cool-temperate conditions in combination with relatively rapid 
subsidence. The temperate to sub-tropical climate of the 
Gippsland Basin produced luxuriant vegetation which, in 
combination with intermediate subsidence rates, promoted 
accumulation of numerous, thick seams. This comparison indicates 
that the type and abundance of organic matter are mainly related 
to depositional environments, paleoclimates and floral 
assemblages.
In low rank samples organic matter types, as determined from 
chemical methods, are generally in agreement with those 
determined by optical methods. In high rank samples however some 
discrepancies occur from the effects of impregnating and 
migrating hydrocarbons. In the present study, attempts to 
establish source origin and depositional environments from 
biomarker analysis of source rock extracts and oils met with 
mixed results. The use of minor components as indicators results 
in some problems in identifying the source of the bulk of the 
extracts and oils.
In the Gippsland Basin and the Korean basins the coals and 
coal-related organic matter contain higher total organic carbon 
(TOC) and extractable organic matter (EOM) contents than the 
liptinite-dominated marine and lacustrine sequences. In general, 
the high EOM contents are related to the amounts and type of
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organic matter present. Effects of organic matter type on EOM 
characteristics and amounts are complex because different types 
of organic matter yield EOM having a variety of chemical 
compositions over the various maturation ranges. No significant 
differences exist between EOM characteristics of source rocks 
containing mainly dispersed organic matter and those containing 
only coal. In the samples studied, the source potential of the 
coaly non-marine successions is better than those of the marine 
sequences. This study has confirmed that coal can act as a 
source for oil.
Level of maturation
In the present study, vitrinite reflectance measurements have 
proved to be a more effective method for determining organic 
maturity than data determined by geochemical methods. Vitrinite 
reflectance data are used to establish timing of hydrocarbon 
generation and, to some extent, potential for trapping. 
Biomarker determinations are adequate to establish approximate 
maturity of liquid hydrocarbons in reservoirs. The non-marine 
Latrobe Group of the Gippsland Basin, having vitrinite 
reflectances between 0.4% and 1.2%, is mature with regard to oil 
generation. The Cretaceous succession in the Haenam area is late 
mature to overmature (1.26%-l.69%) for oil generation and is 
partly within the gas generation zone. The non-marine Korean 
Continental Shelf sequences range from marginally mature to
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overmature (0.4%-2.2%). Coals examined from the Korean Tertiary 
sequences (0.3%-0.48%) generally have higher ranks than the 
Latrobe Valley Coal Measures (0.24%-0.32%) The marine sediments 
in all basins studied are immature.
Petrological and geochemical data examined show that hydrocarbon 
generation accompanies deep burial. Previous studies indicated 
that increased temperature is the major driving force in 
transforming organic matter into hydrocarbons. Profiles of 
vitrinite reflectance versus depth for sections studied of the 
Gippsland Basin are generally similar to those of the Korean 
Continental Shelf basins (intermediate reflectance gradients). 
The profiles from the Cretaceous sequences in che Haenam area and 
the Pohang Tertiary sequences have, however, high reflectance 
gradients. The present-day geothermal gradient of the Gippsland 
Basin is similar to those of the Korean Continental Shelf basins 
(35°C-45°C/km) but are lower than geothermal gradients in the 
other Korean basins (50°C-60°C/km). The variations in regional 
maturation therefore are partly related to the geothermal 
gradient but in some areas this overprints significant early 
maturation events associated with higher rates of heat flow 
during the initiation of basin formation. Geothermal gradients 
are related to the major structural elements of most basins; 
positive geothermal gradient anomalies are generally associated 
with positive structural elements, shallow igneous basement and 
the convective transfer of heat. The igneous bodies present in
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the Haenam and Pohang areas, and in some parts of the Korean 
Continental Shelf appear to be responsible for past and present 
high rates of heat flow.
Extract yield data and reflectance values indicate that 
humic-dominated organic matter generates hydrocarbons at lower 
ranks than those at which liptinitic organic matter generates 
hydrocarbons. Humic matter containing high proportions of 
heterocompounds breaks down to simple mobile hydrocarbons due to 
thermal effects more easily than does hydrogen-rich liptinitic 
organic matter. An important conclusion reached in this study is 
that organic matter type, therefore, influences the level of 
maturation at which oil generation occurs, thereby controlling 
generation/trapping relationships.
Organic matter controls on hydrocarbon generation potential
Organic petrological and geochemical investigations suggest that 
conditions for oil and gas generation were very favourable in the 
Latrobe Group of Gippsland Basin. Peak extract yields exist in 
samples having a range of 0.45% to 0.6% vitrinite reflectance and 
this supports petrographic evidence indicating generation of 
significant amounts of oil at low maturation levels. However 
some extract data indicate a contribution from deeper, more 
mature source rocks. Biomarker maturity parameters of the lower 
Latrobe Group (Late Cretaceous-Early Tertiary) of the Gippsland
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Basin show the best match with those of the oil. However some 
chemical characteristics of the oil are close to those of the 
Upper Latrobe Group. These data indicate that the oils are 
likely to have been sourced from more than one interval spanning 
a range of source rock maturities. In organic-rich sequences, 
hydrocarbon phase solution, and subsequent migration, are 
significant processes in the expulsion of oils from source rocks 
in the upper parts of the sequence. This provides a mechanism 
for a contribution to the light Gippsland Basin oils from the 
organic-rich coal measures occurring at low maturation levels 
near the major reservoirs. The oils represent accumulations 
which are selective by source horizon or by migration differences 
between groups of compounds or by both of these factors.
Given the similarities between the geological settings and 
the petrological and geochemical characteristics of potential 
source rocks in both the Korean basins and Gippsland Basin, it is 
most likely that oil would be generated in the mature parts of 
the Middle to Early Miocene Korean Continental Shelf sequence. 
Oil cuts, stains, droplets, the presence of exsudatinite and 
micrinite, high extract yields, and various geochemical maturity 
parameters (e.g., CPI, isoprenoids/n-alkanes, biomarkers) of 
Miocene samples from the Korean Continental Shelf indicate oil 
generation has occurred. In the Late Cretaceous sequence of the 
Haenam area, liquid hydrocarbons were generated and their 
semi-solid bitumen residues have accumulated in fractured and
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veinal calcite and quartz grains. The present study classified 
this bitumen as ozocerite due to its high H/C ratio and a 
dominance of paraffinic hydrocarbons.
The volume of oil in the Gippsland Basins is not compatible with 
exclusive generation from only dispersed organic matter. Given 
the known hydrocarbon generation potentials of dispersed organic 
matter and coal, and the large volumes of coal in the Gippsland 
Basin, it is most likely that coal has been a significant 
contributor to oil formation. All the coal macerals appear to 
have contributed to oil generation. While on a volume for volume 
basis liptinite has the greatest generation potential, the 
relative abundance of vitrinite indicates that this also has been 
a significant contributor. The various macerals would have 
contributed to oil formation at different rank ranges. In the 
proposed hydrocarbon generation model, resinite and suberinite 
contribute at low rank, vitrinite at intermediate rank and 
cutinite and sporinite at relatively high rank. Liptodetrinite 
contributes over a wide rank range. In the present study, 
combined petrographic and geochemical techniques have indicated 
that coal is a significant contributor to the formation of 
Gippsland Basin oils, much more than had previously been 
appreciated.
Given that coal is a source rock in the Gippsland Basin, and the 
similarity in geological setting and characteristics of organic
553
matter between the Gippsland Basin and the Korean Continental 
Shelf, it is very likely that coals in the Korean basins have 
contributed to oil formation. The maturation rank of alginite 
and sporinite rich marine rocks of Miocene age in the Pohang area 
is too low for significant oil generation.
Migration and Entrapment
The abundance of oil in the Gippsland Basin and the absence of 
oil discoveries in Korean basins may reflect differences in the 
volume of organic matter and probably, to a lesser extent, trap 
conditions as well as differences in exploration intensity. The 
Gippsland Basin has favourable porosity and permeability 
characteristics which have enabled migration and pooling beneath 
impermeable horizons. Both structural and stratigraphic traps 
are present and formed prior to oil generation in the Central 
Deep of Gippsland Basin. Reservoir conditions in the Korean 
basins studied are, in general, not as favourable as the 
Gippsland Basin. Oil may have been generated and migrated prior 
to the formation of structural traps in the Korean basins.
Prospects and Exploration strategies for the Korean Continental 
Shelf
The present study indicates that coal-bearing strata in the 
Korean basins, which have been previously discarded as being
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non-prospective for oil, warrant evaluation as source rocks. A 
greater exploration emphasis should be placed on stratigraphic 
traps proximal to coal-bearing sequences in the oil concession 
blocks V, VI and VII. The most prospective units are the top of 
the Late Miocene fluvio-deltaic succession and/or intersection of 
the Middle Miocene sequences. Furthermore^attempts should also 
be made to evaluate the possibility of finding higher rank marine 
units in the southeastern part of the Korean Continental Shelf 
area since analysis of some of their onshore immature equivalents 
in the Pohang area suggests that the Early to Middle Miocene 
sequences in the blocks VI and VII would be ideal source rocks at 
their present burial depths. Structural traps have been 
delineated in this region and the area has good potential for 
petroleum accumulation.
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